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�m�k�l�Z�g�h�\�e�_�g�g�u�f �i�j�Z�\�b�e�Z�f�� �i�j�_�h�[�j�Z�a�m�y �\�o�h�^�g�u�_ 
�k�b�]�g�Z�e�u �\ �\�u�o�h�^�g�u�_�� �H�`�b�^�Z�_�l�k�y�� �q�l�h �g�Z �h�^�b�g�Z�d�h�\�u�_ 
�\�g�_�r�g�b�_ �\�h�a�^�_�c�k�l�\�b�y �l�Z�d�b�_ �k�b�k�l�_�f�u �[�m�^�m�l 
�j�_�Z�]�b�j�h�\�Z�l�v �h�^�b�g�Z�d�h�\�h �b�e�b�� �i�h �d�j�Z�c�g�_�c �f�_�j�_�� �k�o�h�`�b�f 
�h�[�j�Z�a�h�f�� �q�l�h �i�j�h�y�\�e�y�_�l�k�y�� �g�Z�i�j�b�f�_�j�� �\ �i�h�b�k�d�h�\�u�o 
�k�b�k�l�_�f�Z�o�� �< �k�e�m�q�Z�_ �`�_ �k �=�B�B �b�^�_�g�l�b�q�g�u�_ �a�Z�i�j�h�k�u 
�f�h�]�m�l �i�j�b�\�h�^�b�l�v �d �k�h�\�_�j�r�_�g�g�h �j�Z�a�g�u�f �j�_�a�m�e�v�l�Z�l�Z�f�� 

�<�u�k�h�d�b�c �©�m�j�h�\�_�g�v �h�[�s�g�h�k�l�b�ª 
�i�h�^�j�Z�a�m�f�_�\�Z�_�l�� �q�l�h �g�_�c�j�h�f�h�^�_�e�b �f�h�]�m�l �h�[�e�Z�^�Z�l�v 
�h�[�r�b�j�g�h�c �b�g�n�h�j�f�Z�p�b�_�c �h �©�y�\�e�_�g�b�b �\�h�h�[�s�_�ª�� �g�h �g�_ �h 
�d�h�g�d�j�_�l�g�u�o �_�]�h �i�j�h�y�\�e�_�g�b�y�o�� �G�Z�i�j�b�f�_�j�� �=�B�B-�q�Z�l-
�[�h�l �i�h�^�j�h�[�g�h �j�Z�k�k�d�Z�`�_�l�� �q�l�h �l�Z�d�h�_ �m�g�b�\�_�j�k�b�l�_�l 
�\�h�h�[�s�_�� �g�h �f�Z�e�h �q�l�h �k�f�h�`�_�l �k�d�Z�a�Z�l�v �h �d�h�g�d�j�_�l�g�h�f 
�m�g�b�\�_�j�k�b�l�_�l�_�� 

�H�d�Z�a�Z�e�h�k�v�� �q�l�h �i�j�b�f�_�g�_�g�b�_ �=�B�B �^�e�y 
�h�j�]�Z�g�b�a�Z�p�b�b �]�j�m�i�i�h�\�h�c �w�d�k�i�_�j�l�b�a�u �\�h�a�f�h�`�g�h�� �I�h�k�e�_ 
�g�_�k�d�h�e�v�d�b�o �f�_�k�y�p�_�\ �b�k�k�e�_�^�h�\�Z�g�b�c �m�^�Z�e�h�k�v 
�k�n�h�j�f�b�j�h�\�Z�l�v �f�_�l�h�^�b�d�m �\�_�^�_�g�b�y �^�b�Z�e�h�]�Z �k �q�Z�l-
�[�h�l�h�f�� �d�h�l�h�j�Z�y � �̂Z�_�l ���\ �[�h�e�v�r�b�g�k�l�\�_ �k�e�m�q�Z�_�\�� 
�i�j�b�_�f�e�_�f�u�c �j�_�a�m�e�v�l�Z�l�� �F�_�l�h�^�b�d�Z �[�u�e�Z �h�i�j�h�[�h�\�Z�g�Z �\ 
�i�j�h�p�_�k�k�_ �h�j�]�Z�g�b�a�Z�p�b�b �]�j�m�i�i�h�\�h�c �w�d�k�i�_�j�l�b�a�u �\ 
�h�[�e�Z�k�l�b �m�i�j�Z�\�e�_�g�b�y �j�b�k�d�Z�f�b �^�e�y �j�y�^�Z �i�j�h�]�j�Z�f�f�g�u�o 
�i�j�h�_�d�l�h�\ �b �j�y�^�Z �w�d�h�g�h�f�b�q�_�k�d�b�o �i�j�h�_�d�l�h�\ �j�Z�a�g�h�]�h 
�f�Z�k�r�l�Z�[�Z ���h�l �k�l�Z�j�l�Z�i�h�\ �^�h �n�_�^�_�j�Z�e�v�g�u�o �i�j �h�_�d�l�h�\���� �< 
[5-7] �h�i�b�k�Z�g�u �w�l�Z�i�u �b �i�j�h�f�_�`�m�l�h�q�g�u�_ �j�_�a�m�e�v�l�Z�l�u 
�j�Z�[�h�l�u�� 
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�J�Z�[�h�q�_�_ �g�Z�a�\�Z�g�b�_ �f�_�l�h�^�b�d�b �± j-�f�_�l�h�^�b�d�Z�� 
�>�Z�e�_�_ �^�Z�_�l�k�y �h�i�b�k�Z�g�b�_ �i�j�h�p�_�k�k�Z �k�h�a�^�Z�g�b�y j-
�f�_�l�h�^�b�d�b�� �k�Z�f�h�c �f�_�l�h�^�b�d�b �b �h�i�u�l�Z �_�_ �i�j�b�f�_�g�_�g�b�y�� 

 
�I�j�Z�j�h�^�b�l�_�e�v j -�f�_�l�h�^�b�d�b �± �f�_�l�h�^ 

�D�j�h�m�n�h�j�^�Z�� �I�j�Z�j�h�^�b�l�_�e�_�f j-�f�_�l�h�^�b�d�b �y�\�e�y�_�l�k�y 
�f�_�l�h�^ �D�j�h�m�n�h�j�^�Z [8]. �W�l�h�l �f�_�l�h�^ �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c 
�h�^�b�g �b�a �\�Z�j�b�Z�g�l�h�\ �f�h�a�]�h�\�h�]�h �r�l�m�j�f�Z�� �g�Z�p�_�e�_�g�g�u�c �g�Z 
�\�u�y�\�e�_�g�b�_ �j�b�k�d�h�\�� �< �g�_�]�h �\�d�e�x�q�_�g�u �^�\�Z 
�k�i�_�p�b�Z�e�v�g�u�o �i�j�Z�\�b�e�Z�� �i�j�Z�\�b�e�h �^�e�y �a�Z�s�b�l�u �h�l 
�w�n�n�_�d�l�Z �i�j�b�\�y�a�d�b [9] �b �i�j�Z�\�b�e�h �Z�d�d�m�f�m�e�b�j�h�\�Z�g�b�y 
�f�g�_�g�b�y �w�d�k�i�_�j�l�h�\�� 

�;�j�b�]�Z�^�Z �w�d�k�i�_�j�l�h�\ �^�e�y �f�_�l�h�^�Z �D�j�h�m�n�h�j�^�Z 
�k�h�k�l�h�b�l �b�a �k�_�f�b�±�^�_�k�y�l�b �q�_�e�h�\�_�d �\�h �]�e�Z�\�_ �k �\�_�^�m�s�b�f�� 
�D�Z�`�^�u�c �m�q�Z�k�l�g�b�d �i�h�e�m�q�Z�_�l �d�h�f�i�e�_�d�l 
�i�_�j�_�g�m�f�_�j�h�\�Z�g�g�u�o �d�Z�j�l�h�q�_�d�� �I�j�h�p�_�^�m�j�Z �k�h�k�l�h�b�l �b�a 
�^�\�m�o �w�l�Z�i�h�\�� �\�u�y�\�e�_�g�b�y �j�b�k�d�h�\ �d�Z�`�^�u�f �m�q�Z�k�l�g�b�d�h�f 
�b �Z�d�d�m�f�m�e�b�j�h�\�Z�g�b�y �f�g�_�g�b�y �h�l�^�_�e�v�g�u�o �m�q�Z�k�l�g�b�d�h�\�� 

�< �g�Z�q�Z�e�v�g�h�c �n�Z�a�_ �d�Z�`�^�u�c �m�q�Z�k�l�g�b�d 
�n�b�d�k�b�j�m�_�l �g�Z �i�_�j�\�h�c �d�Z�j�l�h�q�d�_ �g�Z�b�[�h�e�_�_ �\�Z�`�g�u�c �j�b�k�d 
�^�e�y �h�[�k�m�`�^�Z�_�f�h�]�h �i�j�h�_�d�l�Z�� �<�_�^�m�s�b�c �a�Z�[�b�j�Z�_�l 
�i�_�j�\�m�x �d�Z�j�l�h�q�d�m�� �i�h�k�e�_ �q�_�]�h �m�q�Z�k�l�g�b�d�b �a�Z�i�b�k�u�\�Z�x�l 
�k�e�_�^�m�x�s�b�c �j�b�k�d �g�Z �\�l�h�j�h�c �d�Z�j�l�h�q�d�_�� �L�Z�d 
�i�j�h�^�h�e�`�Z�_�l�k�y �^�h �a�Z�i�h�e�g�_�g�b�y �\�k�_�o �d�Z�j�l�h�q�_�d�� 

�L�Z�d�h�c �i�h�j�y�^�h�d �a�Z�i�h�e�g�_�g�b�y �d�Z�j�l�h�q�_�d 
�i�j�_�^�h�o�j�Z�g�y�_�l �m�q�Z�k�l�g�b�d�h�\ �h�l �w�n�n�_�d�l�Z �i�j�b�\�y�a�d�b 
���g�b�d�l�h �g�_ �a�g�Z�_�l�� �d�Z�d�b�_ �j�b�k�d�b �m�d�Z�a�Z�e�b �^�j�m�]�b�_ 
�m�q�Z�k�l�g�b�d�b���� 

�G�Z �\�l�h�j�h�f �w�l�Z�i�_ �i�j�h�\�h�^�b�l�k�y �h�[�k�m�`�^�_�g�b�_ 
�j�b�k�d�h�\�� �a�Z�i�b�k�Z�g�g�u�o �g�Z �d�Z�j�l�h�q�d�Z�o ���k�g�Z�q�Z�e�Z �± �i�_�j�\�u�_ 
�d�Z�j�l�h�q�d�b�� �i�h�l�h�f  �± �\�l�h�j�u�_ �b �l�� �^������ �P�_�e�v �h�[�k�m�`�^�_�g�b�y �± 
�\�u�y�\�b�l�v �k�h�\�i�Z�^�Z�x�s�b�_ �j�b�k�d�b ���h�^�g�m �b �l�m �`�_ �f�u�k�e�v 
�j�Z�a�g�u�_ �m�q�Z�k�l�g�b�d�b �f�h�]�m�l �\�u�k�d�Z�a�Z�l�v �j�Z�a�g�u�f�b 
�k�e�h�\�Z�f�b���� �>�Z�e�_�_ �d�Z�j�l�h�q�d�b �j�Z�k�i�h�e�Z�]�Z�x�l�k�y �\ �\�b�^�_ 
�Z�n�n�b�g�g�h�c �^�b�Z�]�j�Z�f�f�u [10], �]�^�_ �k�h�\�i�Z�^�Z�x�s�b�_ �j�b�k�d�b 
�k�h�_�^�b�g�y�x�l�k�y �\�_�j�l�b�d�Z�e�v�g�h�c �i�h�e�h�k�h�c �k �i�h�f�h�s�v�x 
�k�d�h�l�q�Z�� �<�u�k�h�l�Z �l�Z�d�h�c �i�h�e�h�k�u �m�d�Z�a�u�\�Z�_�l �g�Z �\�Z�`�g�h�k�l�v 
�j�b�k�d�Z �i�h �f�g�_�g�b�x �]�j�m�i�i�u �w�d�k�i�_�j�l�h�\�� �J�_�a�m�e�v�l�Z�l�h�f 
�h�[�k�m�`�^�_�g�b�y �y�\�e�y�_�l�k�y �g�Z�[�h�j �j�b�k�d�h�\�� �m�i�h�j�y�^�h�q�_�g�g�u�o 
�i�h �d�h�e�b�q�_�k�l�\�m �m�i�h�f�b�g�Z�g�b�c�� 

 
�I�j�h�p�_�k�k �b �i�j�h�[�e�_�f�u �n�h�j�f�b�j�h�\�Z�g�b�y j -

�f�_�l�h�^�b�d�b�� �B�a �f�_�l�h�^�Z �D�j�h�m�n�h�j�^�Z �f�u �i�h�a�Z�b�f�k�l�\�h�\�Z�e�b 
�b�^�_�x �]�j�m�i�i�h�\�h�c �w�d�k�i�_�j�l�b�a�u �b �i�_�j�\�h�g�Z�q�Z�e�v�g�m�x 
�l�_�f�Z�l�b�d�m �i�j�b�f�_�g�_�g�b�y �f�_�l�h�^�b�d�b �± �\�u�y�\�e�_�g�b�_ �j�b�k�d�h�\��  

�I�_�j�\�Z�y �i�j�h�[�e�_�f�Z�� �k �d�h�l�h�j�h�c �f�u �k�l�h�e�d�g�m�e�b�k�v�� 
�± �w�l�h �\�h�i�j�h�k �h�[ �h�j�]�Z�g�b�a�Z�p�b�b �d�h�e�e�_�d�l�b�\�g�h�c �j�Z�[�h�l�u 
�]�j�m�i�i�u �w�d�k�i�_�j�l�h�\ �g�Z �[�Z�a�_ �h�^�g�h�]�h �q�Z�l-�[�h�l�Z�� 
�I�j�h�l�b�\�h�j�_�q�b�_ �a�Z�d�e�x�q�Z�e�h�k�v �\ �l�h�f�� �q�l�h �f�u �b�f�_�e�b 
�h�^�g�h�]�h �k�h�[�_�k�_�^�g�b�d�Z �± �=�B�B-�q�Z�l-�[�h�l�Z�� �± �Z �]�h�\�h�j�b�l�v �h�g 
�^�h�e�`�_�g �[�u�e �h�l �e�b�p�Z �f�g�h�]�b�o �w�d�k�i�_�j�l�h�\�� �>�e�y 
�j�Z�a�j�_�r�_�g�b�y �w�l�h�]�h �i�j�h�l�b�\�h�j�_�q�b�y �[�u�e�b �i�j�b�f�_�g�_�g�u 
�f�_�l�h�^�u �L�_�h�j�b�b �j�_�r�_�g�b�y �b�a�h�[�j�_�l�Z�l�_�e�v�k�d�b�o �a�Z�^�Z�q 
���L�J�B�A�� [11]. �>�e�y �i�j�_�h�^�h�e�_�g�b�y �l�Z�d �g�Z�a�u�\�Z�_�f�h�]�h 
�©�n�b�a�b�q�_�k�d�h�]�h �i�j�h�l�b�\�h�j�_�q�b�y�ª �\ �L�J�B�A �i�j�_�^�e�Z�]�Z�x�l�k�y 
�j�Z�a�g�u�_ �i�h�^�o�h�^�u�� �k�j�_�^�b �d�h�l�h�j�u�o �l�Z�d�b�_�� �d�Z�d 
�\�j�_�f�_�g�g�h�_�� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �b �k�l�j�m�d�l�m�j�g�h�_ 
�j�Z�a�^�_�e�_�g�b�_�� �<�j�_�f�_�g�g�h�_ �j�Z�a�^�_�e�_�g�b�_ �i�j�_�^�i�h�e�Z�]�Z�e�h 
�i�h�\�l�h�j�_�g�b�_ �^�b�Z�e�h�]�Z �k �q�Z�l-�[�h�l�h�f�� �i�j�b �w�l�h�f �d�Z�`�^�u�c 
�j�Z�a �h�g �^�h�e�`�g�u �[�u�e �i�j�_�^�k�l�Z�\�e�y�l�v �k�_�[�y �g�h�\�u�f 
�w�d�k�i�_�j�l�h�f�� �I�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_ �j�Z�a�^�_�e�_�g�b�_ 
�i�h�^�j�Z�a�m�f�_�\�Z�e�h �b�k�i�h�e�v�a�h�\�Z�g�b�_ �g�_�k�d�h�e�v�d�b�o 
�w�d�a�_�f�i�e�y�j�h�\ �[�h�l�Z �g�Z �j�Z�a�g�u�o �m�k�l�j�h�c�k�l�\�Z�o�� �< 

�k�l�j�m�d�l�m�j�g�h�f �j�Z�a�^�_�e�_�g�b�b �i�j�_�^�i�h�e�Z�]�Z�e�h�k�v �k�h�a�^�Z�l�v 
�k�b�k�l�_�f�m�� �i�h�a�\�h�e�y�x�s�m�x �h�[�s�Z�l�v�k�y �k �h�^�g�b�f 
�k�h�[�_�k�_�^�g�b�d�h�f�� �g�h �i�j�b �w�l�h�f �h�[�_�k�i�_�q�b�\�Z�x�s�m�x �^�h�k�l�m�i 
�d �h�l�\�_�l�Z�f �h�l �g�_�k�d�h�e�v�d�b�o �w�d�k�i�_�j�l�h�\�� �W�l�h�l �i�h�^�o�h�^ 
�h�d�Z�a�Z�e�k�y �[�h�e�_�_ �w�d�h�g�h�f�b�q�g�u�f �b �[�u�e �\�u�[�j�Z�g �g�Z�f�b �d�Z�d 
�h�k�g�h�\�g�h�c�� �<�_�^�m�s�b�c �i�j�h�p�_�k�k�Z �w�d�k�i�_�j�l�b�a�u 
�b�k�i�h�e�v�a�h�\�Z�e�k�y �d�Z�d �d�e�x�q�_�\�Z�y �n�b�]�m�j�Z�� �b �b�f�_�g�g�h �_�f�m 
�i�j�_�^�e�Z�]�Z�e�h�k�v �\�u�i�h�e�g�b�l�v �i�j�h�p�_�^�m�j�m �©�\�g�m�l�j�b �q�Z�l-
�[�h�l�Z�ª �b �a�Z�l�_�f �i�j�_�^�h�k�l�Z�\�b�l�v �g�Z�f �_�z �j�_�a�m�e�v�l�Z�l�u�� 

�K�e�_�^�m�x�s�Z�y �i�j�h�[�e�_�f�Z�� �d�h�l�h�j�m�x �g�Z�f 
�i�j�b�r�e�h�k�v �i�j�_�h�^�h�e�_�l�v�� �± �w�l�h �i�j�h�[�e�_�f�Z �k�h�\�i�Z�^�_�g�b�y �b 
�j�Z�a�e�b�q�b�y �f�g�_�g�b�c �m�q�Z�k�l�g�b�d�h�\ �h�[�k�m�`�^�_�g�b�y�� �F�_�l�h�^ 
�D�j�h�m�n�h�j�^�Z �i�h�^�j�Z�a�m�f�_�\�Z�_�l�� �q�l�h �f�g�_�g�b�y �w�d�k�i�_�j�l�h�\ �\ 
�q�_�f-�l�h �j�Z�a�g�y�l�k�y�� �\ �q�_�f-�l�h �k�h�\�i�Z�^�Z�x�l ���b �k�h�\�i�Z�^�Z�x�s�b�_ 
�f�g�_�g�b�y �a�Z�k�e�m�`�b�\�Z�x�l �[�h�e�_�_ �i�j�b�k�l�Z�e�v�g�h�]�h 
�j�Z�k�k�f�h�l�j�_�g�b�y���� �>�h�[�b�l�v�k�y �l�Z�d�h�]�h �m�^�Z�e�h�k�v �g�_ �k�j�Z�a�m�� �< 
�i�_�j�\�h�f �a�Z�^�Z�g�b�b �[�h�l�m �f�u �i�h�l�j�_�[�h�\�Z�e�b �k�h�h�[�s�b�l�v 
�f�g�_�g�b�y �g�_�d�b�o �©�w�d�k�i�_�j�l�h�\�ª�� �g�_ �m�l�h�q�g�y�y �b�o �k�n�_�j�m 
�d�h�f�i�_�l�_�g�p�b�b�� �W�l�h �i�j�b�\�_�e�h �d �i�h�\�l�h�j�_�g�b�x �h�l�\�_�l�h�\�� 
�i�_�j�\�u�_ �l�j�b �b�a �^�_�\�y�l�b �m�q�Z�k�l�\�h�\�Z�\�r�b�o �w�d�k�i�_�j�l�h�\ 
�i�_�j�_�q�b�k�e�b�e�b �i�h �l�j�b �j�Z�a�g�u�o �j�b�k�d�Z�� �Z �h�k�l�Z�\�r�b�_�k�y 
�r�_�k�l�v �h�l�f�_�q�Z�e�b �l�_ �`�_ �j�b�k�d�b�� �g�h �\ �j�Z�a�g�u�o �k�h�q�_�l�Z�g�b�y�o�� 
�F�u �i�h�l�j�_�[�h�\�Z�e�b �h�l �[�h�l�Z �g�Z�a�\�Z�l�v �j�Z�a�g�u�_ �j�b�k�d�b�� �W�l�h 
�a�Z�^�Z�g�b�_ �[�u�e�h �\�u�i�h�e�g�_�g�h �[�m�d�\�Z�e�v�g�h�� �D�Z�`�^�u�c �w�d�k�i�_�j�l 
�g�Z�a�\�Z�e �k�\�h�b �m�g�b�d�Z�e�v�g�u�_ �j�b�k�d�b�� �G�b�d�Z�d�b�o 
�k�h�\�i�Z�^�Z�x�s�b�o �f�g�_�g�b�c �g�_ �h�d�Z�a�Z�e�h�k�v�� �F�_�l�h�^ 
�D�j�h�m�n�h�j�^�Z �h�i�y�l�v �g�_ �k�j�Z�[�h�l�Z�e�� 

�< �d�h�g�p�_ �d�h�g�p�h�\�� �[�u�e �i�j�b�^�m�f�Z�g �k�e�_�^�m�x�s�b�c 
�i�j�b�_�f�� �;�u�e�h �j�_�r�_�g�h �h�l�d�Z�a�Z�l�v�k�y �h�l �©�w�d�k�i�_�j�l�h�\ 
�\�h�h�[�s�_�ª �b �a�Z�f�_�g�b�l�v �b�o �g�Z �©�m�a�d�b�o �k�i�_�p�b�Z�e�b�k�l�h�\�ª�� �>�e�y 
�d�Z�`�^�h�]�h �w�d�k�i�_�j�l�Z �[�u�e�Z �m�d�Z�a�Z�g�Z �_�]�h �k�i�_�p�b�Z�e�b�a�Z�p�b�y �b 
�h�i�u�l �j�Z�[�h�l�u�� �I�h�k�d�h�e�v�d�m �i�_�j�\�u�_ �i�j�h�_�d�l�u�� �g�Z �d�h�l�h�j�u�o 
�h�l�j�Z�[�Z�l�u�\�Z�e�Z�k�v �f�_�l�h�^�b�d�Z�� �[�u�e�b �i�j�h�_�d�l�Z�f�b �g�Z 
�j�Z�a�j�Z�[�h�l�d�m �i�j�h�]�j�Z�f�f�g�h�]�h �h�[�_�k�i�_�q�_�g�b�y�� �[�j�b�]�Z�^�Z 
�w�d�k�i�_�j�l�h�\ �[�u�e�Z �k�n�h�j�f�b�j�h�\�Z�g�Z �g�Z �h�k�g�h�\�_ �l�_�o�g�h�e�h�]�b�b 
Microsoft Solution Framework for Agile [12]. �;�u�e�h 
�i�j�b�g�y�l�h �j�_�r�_�g�b�_ �i�j�b�^�_�j�`�b�\�Z�l�v�k�y �i�j�b�g�p�b�i�Z 
�\�d�e�x�q�_�g�b�y �^�\�m�o �k�i�_�p�b�Z�e�b�k�l�h�\ �i�h �d�Z�`�^�h�f�m 
�g�Z�i�j�Z�\�e�_�g�b�x�� �h�i�u�l�g�h�]�h ���k �h�i�u�l�h�f �[�h�e�_�_ �^�_�k�y�l�b �e�_�l�� 
�b �g�h�\�b�q�d�Z ���k �h�i�u�l�h�f �^�h �l�j�z�o �e�_�l����  

�Q�Z�l-�[�h�l�m �[�u�e�h �i�j�_�^�e�h�`�_�g�h �\�u�y�\�b�l�v �j�b�k�d�b 
�i�j�h�_�d�l�Z�� �h�j�b�_�g�l�b�j�m�y�k�v �g�Z �]�j�m�i�i�m �b�a �^�_�k�y�l�b 
�k�i�_�p�b�Z�e�b�k�l�h�\�� �d�Z�`�^�u�c �b�a �d�h�l�h�j�u�o �g�Z�a�u�\�Z�e �l�j�b 
�d�e�x�q�_�\�u�o �j�b�k�d�Z �b �i�h�y�k�g�y�e �b�o �a�g�Z�q�b�f�h�k�l�v ���j�b�k�m�g�h�d 
1). 

�H�q�_�\�b�^�g�h�� �q�l�h �i�_�j�_�q�_�g�v �k�i�_�p�b�Z�e�b�k�l�h�\�� 
�i�j�b�\�e�_�d�Z�_�f�u�o �^�e�y �h�[�k�m�`�^�_�g�b�y �l�h�]�h �b�e�b �b�g�h�]�h 
�i�j�h�_�d�l�Z�� �[�m�^�_�l �h�i�j�_�^�_�e�y�l�v�k�y �k�i�_�p�b�n�b�d�h�c �w�l�h�]�h 
�i�j�h�_�d�l�Z�� �L�Z�d �i�j�b �Z�g�Z�e�b�a�_ �n�_�^�_�j�Z�e�v�g�h�]�h �i�j�h�_�d�l�Z 
�©�B�g�n�j�Z�k�l�j�m�d�l�m�j�Z �^�e�y �h�[�j�Z�s�_�g�b�y �k �h�l�o�h�^�Z�f�b I-II  
�d�e�Z�k�k�h�\ �h�i�Z�k�g�h�k�l�b�ª [13] �d�h�f�Z�g�^�Z �k�h�k�l�h�y�e�Z �b�a �k�_�f�b 
�q�_�e�h�\�_�d�� �b�k�k�e�_�^�h�\�Z�l�_�e�v�� �w�d�h�e�h�]�� �i�h�e�b�l�h�e�h�]�� �x�j�b�k�l�� 
�w�d�h�g�h�f�b�k�l�� �Z�g�Z�e�b�l�b�d �b �i�j�h�]�j�Z�f�f�b�k�l�� �I�_�j�\�u�_ �^�\�h�_ 
�h�l�\�_�q�Z�e�b �a�Z �w�d�h�e�h�]�b�q�_�k�d�m�x �k�h�k�l�Z�\�e�y�x�s�m�x �i�j�h�_�d�l�Z�� 
�i�h�e�b�l�h�e�h�] �b �x�j�b�k�l �± �a�Z �i�j�Z�\�h�\�u�_ �b �i�h�e�b�l�b�q�_�k�d�b�_ 
�Z�k�i�_�d�l�u�� �w�d�h�g�h�f�b�k�l �h�[�_�k�i�_�q�b�\�Z�e �n�b�g�Z�g�k�h�\�m�x 
�i�h�^�^�_�j�`�d�m�� �Z �Z�g�Z�e�b�l�b�d �b �i�j�h�]�j�Z�f�f�b�k�l�� �o�h�l�y �b�o 
�m�q�Z�k�l�b�_ �g�_ �[�u�e�h �h�q�_�\�b�^�g�u�f�� �[�u�e�b �\�d�e�x�q�_�g�u �^�e�y 
�j�Z�a�j�Z�[�h�l�d�b �b�g�n�h�j�f�Z�p�b�h�g�g�h�c �k�b�k�l�_�f�u�� �h �d�h�l�h�j�h�c 
�r�e�Z �j�_�q�v �\ �i�j�h�_�d�l�_�� �< �j�Z�f�d�Z�o �n�_�^�_�j�Z�e�v�g�h�]�h �i�j�h�_�d�l�Z 
�©�;�h�j�v�[�Z �k �h�g�d�h�e�h�]�b�q�_�k�d�b�f�b �a�Z�[�h�e�_�\�Z�g�b�y�f�b�ª [14] �^�e�y 
�w�d�k�i�_�j�l�b�a�u �[�u�e�b �i�j�b�\�e�_�q�_�g�u �\�j�Z�q-�h�g�d�h�e�h�]�� 
�f�_�^�b�p�b�g�k�d�b�c �b�k�k�e�_�^�h�\�Z�l�_�e�v�� �k�i�_�p�b�Z�e�b�k�l �i�h 
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�f�_�^�b�p�b�g�k�d�b�f �l�_�o�g�h�e�h�]�b�y�f�� �k�h�p�b�Z�e�v�g�u�c �j�Z�[�h�l�g�b�d�� 
�x�j�b�k�l�� �i�h�e�b�l�h�e�h�] �b �w�d�k�i�_�j�l �i�h �h�j�]�Z�g�b�a�Z�p�b�b 
�a�^�j�Z�\�h�h�o�j�Z�g�_�g�b�y�� 

 
�K�e�_�^�m�x�s�Z�y �b�^�_�y�� �k�\�y�a�Z�g�g�Z�y �k 

�n�h�j�f�b�j�h�\�Z�g�b�_�f �[�j�b�]�Z�^�u�� �a�Z�d�e�x�q�Z�e�Z�k�v �\ �l�h�f�� �q�l�h�[�u 

�^�h�\�_�j�b�l�v �^�Z�g�g�u�c �i�j�h�p�_�k�k �k�Z�f�h�f�m �q�Z�l-�[�h�l�m�� 
�i�j�_�^�\�Z�j�b�l�_�e�v�g�h �i�j�_�^�h�k�l�Z�\�b�\ �_�f�m �h�i�b�k�Z�g�b�_ �i�j�h�_�d�l�Z �b 
�i�h�i�j�h�k�b�\ �i�_�j�_�q�b�k�e�b�l�v �k�i�_�p�b�Z�e�b�k�l�h�\�� �d�h�l�h�j�u�o �h�g 
�\�d�e�x�q�b�l �\ �[�j�b�]�Z�^�m �^�e�y �_�]�h �j�_�Z�e�b�a�Z�p�b�b�� 

 

 

 
�J�b�k�m�g�h�d 1 �± �<�b� ̂�g�Z�q�Z�e�Z �a�Z�i�j�h�k�Z �d �q�Z�l-�[�h�l�m 

�D�Z�d �m�`�_ �]�h�\�h�j�b�e�h�k�v �j�Z�g�_�_�� �=�B�B �h�[�e�Z�^�Z�_�l 
�[�h�e�v�r�b�f �h�[�t�_�f�h�f �©�a�g�Z�g�b�c �\�h�h�[�s�_�ª ���l�h�q�g�_�_�� 
�i�k�_�\�^�h�a�g�Z�g�b�c�� �g�h �k�_�c�q�Z�k �j�_�q�v �g�_ �h�[ �w�l�h�f���� �g�h�� �k�d�h�j�_�_ 
�\�k�_�]�h�� �h�q�_�g�v �f�Z�e�h �a�g�Z�_�l �h �d�h�g�d�j�_�l�g�h�f �i�j�h�_�d�l�_�� 
�I�h�w�l�h�f�m �i�h�^�j�h�[�g�h�k�l�v �h�i�b�k�Z�g�b�y �i�j�h�_�d�l�Z �b�]�j�Z�_�l 
�k�m�s�_�k�l�\�_�g�g�m�x �j�h�e�v�� �<�u �a�g�Z�_�l�_ �h �k�\�h�_�f �i�j�h�_�d�l�_ 
�f�g�h�]�h�� �B �[�h�e�v�r�Z�y �q�Z�k�l�v �<�Z�r�b�o �a�g�Z�g�b�c �g�_ 
�n�h�j�f�Z�e�b�a�h�\�Z�g�Z�� �Q�Z�l-�[�h�l �m�a�g�Z�_�l �h �g�_�f �l�h�e�v�d�h �l�h�� �q�l�h 
�<�u �_�f�m �k�h�h�[�s�b�l�_�� �K�k�u�e�Z�l�v�k�y �\ �k�\�h�b�o �j�Z�k�k�m�`�^�_�g�b�y�o 
�h�g �k�f�h�`�_�l �l�h�e�v�d�h �g�Z �l�_ �h�k�h�[�_�g�g�h�k�l�b �<�Z�r�_�]�h �i�j�h�_�d�l�Z�� 
�d�h�l�h�j�u�_ �[�u�e�b �\�d�e�x�q�_�g�u �\ �h�i�b�k�Z�g�b�_ �i�j�h�_�d�l�Z�� 

�H�d�Z�a�Z�e�h�k�v�� �q�l�h �^�_�l�Z�e�v�g�h�k�l�v �h�i�b�k�Z�g�b�y 
�i�j�h�_�d�l�Z �\�e�b�y�_�l �g�Z �j�Z�[�h�l�m �=�B�B�� �W�l�h �i�j�b�\�_�e�h �d �f�u�k�e�b 
�k�h�a�^�Z�l�v �[�h�e�_�_ �i�h�^�j�h�[�g�h�_ �h�i�b�k�Z�g�b�_ �d�\�Z�e�b�n�b�d�Z�p�b�b 
�w�d�k�i�_�j�l�h�\�� �i�_�j�_�q�b�k�e�b�\ �b�o �g�Z�\�u�d�b�� �a�g�Z�g�b�y�� �m�f�_�g�b�y�� 
�k�_�j�l�b�n�b�d�Z�l�u �b �l�_�o�g�h�e�h�]�b�b�� �d�h�l�h�j�u�f�b �h�g�b �\�e�Z�^�_�x�l�� 
�H�`�b�^�Z�e�h�k�v�� �q�l�h �\ �h�l�\�_�l�Z�o �w�d�k�i�_�j�l�u �[�m�^�m�l �k�k�u�e�Z�l�v�k�y 
�g�Z �k�\�h�b �d�\�Z�e�b�n�b�d�Z�p�b�b�� �g�h �w�d�k�i�_�j�b�f�_�g�l�u �i�h�d�Z�a�Z�e�b�� 
�q�l�h �w�l�h �g�_ �h�d�Z�a�Z�e�h �a�Z�f�_�l�g�h�]�h �\�e�b�y�g�b�y �g�Z �j�Z�[�h�l�m �=�B�B�� 
�L�Z�d�b�f �h�[�j�Z�a�h�f�� �\�Z�`�g�h �^�_�l�Z�e�v�g�h �h�i�b�k�u�\�Z�l�v �k�Z�f 
�i�j�h�_�d�l�� �g�h �h�[�r�b�j�g�h�_ �h�i�b�k�Z�g�b�_ �d�\�Z�e�b�n�b�d�Z�p�b�c 
�w�d�k�i�_�j�l�h�\ �g�_ �h�[�y�a�Z�l�_�e�v�g�h�� � �̂h�k�l�Z�l�h�q�g�h �m�d�Z�a�Z�l�v�� �q�l�h 
�©�k�i�_�p�b�Z�e�b�k�l �h�i�u�l�g�u�c�� �k �[�h�e�_�_ �q�_�f �^�_�k�y�l�b�e�_�l�g�b�f 
�k�l�Z�`�_�f�ª�� 

�>�e�y �i�h�e�m�q�_�g�b�y �^�_�l�Z�e�v�g�h�]�h �h�i�b�k�Z�g�b�y 
�d�\�Z�e�b�n�b�d�Z�p�b�b �k�i�_�p�b�Z�e�b�k�l�h�\ �l�Z�d�`�_ �i�j�b�\�e�_�d�Z�e�k�y 
�=�B�B�� �>�e�y �w�l�h�]�h �q�Z�l-�[�h�l�m �[�u�e �a�Z�^�Z�g �\�h�i�j�h�k�� �©�L�u �± 
�j�m�d�h�\�h�^�b�l�_�e�v �i�j�h�_�d�l�Z �l�Z�d�h�]�h-�l�h�� �L�_�[�_ �g�Z�^�h �\�a�y�l�v �\ 
�d�h�f�Z�g�^�m �l�Z�d�h�]�h-�l�h �k�i�_�p�b�Z�e�b�k�l�Z�� �G�Z�a�h�\�b �a�g�Z�g�b�y�� 
�m�f�_�g�b�y �b �g�Z�\�u�d�b�� �d�h�l�h�j�u�f�b �w�l�h�l �k�i�_�p�b�Z�e�b�k�l �^�h�e�`�_�g 
�h�[�e�Z�^�Z�l�v�ª�� 

�I�_�j�\�h�g�Z�q�Z�e�v�g�h �f�u �i�u�l�Z�e�b�k�v 
�f�b�g�b�f�b�a�b�j�h�\�Z�l�v �d�h�e�b�q�_�k�l�\�h �j�_�i�e�b�d �\ �h�[�s�_�g�b�b �k �q�Z�l-
�[�h�l�h�f�� �H�i�l�b�f�Z�e�v�g�u�f �d�Z�a�Z�e�h�k�v �\�e�h�`�b�l�v �\�k�x 
�b�g�n�h�j�f�Z�p�b�x �\ �h�^�g�m �_�^�b�g�k�l�\�_�g�g�m�x �j�_�i�e�b�d�m�� �B �\�_�k�v 
�h�l�\�_�l �l�Z�d�`�_ �i�h�e�m�q�b�l�v �\ �h�^�g�h�c �j�_�i�e�b�d�_�� �H�^�g�Z�d�h�� �h�l 
�w�l�h�c �b�^�_�b �[�u�k�l�j�h �i�j�b�r�e�h�k�v �h�l�d�Z�a�Z�l�v�k�y�� �<�h-�i�_�j�\�u�o�� 
�=�B�B-�q�Z�l-�[�h�l�u �b�f�_�x�l �l�_ �b�e�b �b�g�u�_ �h�]�j�Z�g�b�q�_�g�b�y �d�Z�d 
�g�Z �^�e�b�g�m �\�o�h�^�g�h�c �j�_�i�e�b�d�b�� �l�Z�d �b �g�Z �j�Z�a�f�_�j 
�k�h�[�k�l�\�_�g�g�h�]�h �k�h�h�[�s�_�g�b�y�� �B �w�l�b �h�]�j�Z�g�b�q�_�g�b�y �[�u�k�l�j�h 
�k�l�Z�g�h�\�y�l�k�y �a�Z�f�_�l�g�u�f�b�� �Q�Z�k�l�v �j�_�i�e�b�d�b ���d�Z�d �\�o�h�^�g�h�c�� 

�l�Z�d �b �\�u�o�h�^�g�h�c���� �i�j�_�\�u�k�b�\�r�Z�y �h�]�j�Z�g�b�q�_�g�b�y�� �e�_�]�d�h 
�f�h�`�_�l �[�u�l�v �m�l�_�j�y�g�Z�� �<�h-�\�l�h�j�u�o�� �i�_�j�_�o�h�^ �d �[�h�e�_�_ 
�k�e�h�`�g�h�f�m �Z�g�Z�e�b�a�m �i�j�h�_�d�l�h�\�� �g�_�`�_�e�b �i�j�h�k�l�h�_ 
�\�u�y�\�e�_�g�b�_ �j�b�k�d�h�\�� �[�u�k�l�j�h �i�h�l�j�_�[�h�\�Z�e �^�e�b�l�_�e�v�g�h�]�h 
�h�[�f�_�g�Z �k�h�h�[�s�_�g�b�y�f�b�� �I�h�w�l�h�f�m �f�u �k�g�Z�q�Z�e�Z �i�_�j�_�r�e�b 
�h�l �\�h�i�j�h�k�h�\�� �a�Z�^�Z�\�Z�_�f�u�o �\�k�_�c �[�j�b�]�Z�^�_�� �d �\�h�i�j�h�k�Z�f�� 
�a�Z�^�Z�\�Z�_�f�u�f �h�l�^�_�e�v�g�u�f �w�d�k�i�_�j�l�Z�f�� �:  �i�h�l�h�f �b �^�b�Z�e�h�] 
�k �d�Z�`�^�u�f �w�d�k�i�_�j�l�h�f �k�l�Z�e�b �^�_�e�b�l�v �g�Z �g�_�k�d�h�e�v�d�h 
�j�_�i�e�b�d�� �©�I�m�k�l�v �w�d�k�i�_�j�l �l�Z�d�h�c-�l�h �g�Z�a�h�\�_�l 
�h�k�h�[�_�g�g�h�k�l�b �^�Z�g�g�h�]�h �i�j�h�_�d�l�Z�� �d�h�l�h�j�u�_ �d�Z�`�m�l�k�y �_�f�m 
�\�Z�`�g�u�f�b, �b �i�h�y�k�g�b�l�� �i�h�q�_�f�m �h�g�b �d�Z�`�m�l�k�y �_�f�m 
�\�Z�`�g�u�f�b�� �I�m�k�l�v �w�d�k�i�_�j�l �g�Z�a�h�\�_�l �j�b�k�d�b�� �d�h�l�h�j�u�_�� �i�h 
�_�]�h �f�g�_�g�b�x�� �k�\�y�a�Z�g�u �k �d�Z�`�^�h�c �b�a �i�_�j�_�q�b�k�e�_�g�g�u�o �b�f 
�h�k�h�[�_�g�g�h�k�l�_�c �i�j�h�_�d�l�Z�� �I�m�k�l�v �w�d�k�i�_�j�l �i�j�_�^�e�h�`�b�l 
�k�j�_�^�k�l�\�Z �^�e�y �k�g�b�`�_�g�b�y �\�_�j�h�y�l�g�h�k�l�b �j�_�Z�e�b�a�Z�p�b�b �w�l�b�o 
�j�b�k�d�h�\�ª �b �l�� �^�� �L�Z�d�Z�y �n�h�j�f�Z �^�b�Z�e�h�]�Z �h�d�Z�a�Z�e�Z�k�v 
�]�h�j�Z�a�^�h �[�h�e�_�_ �i�j�h�^�m�d�l�b�\�g�h�c��  

�F�g�h�]�h�j�_�i�e�b�d�h�\�Z�y �n�h�j�f�Z �^�b�Z�e�h�]�Z �m�\�_�e�b�q�b�e�Z 
�\�_�j�h�y�l�g�h�k�l�v �l�h�]�h�� �q�l�h �q�Z�l-�[�h�l �f�h�`�_�l �m�l�j�Z�l�b�l�v 
�d�h�g�l�_�d�k�l �j�Z�a�]�h�\�h�j�Z�� �L�_�h�j�_�l�b�q�_�k�d�b�� �q�Z�l-�[�h�l�u �h�[�y�a�Z�g�u 
�m�q�b�l�u�\�Z�l�v �h�i�j�_�^�_�e�z�g�g�h�_ �d�h�e�b�q�_�k�l�\�h �i�j�_�^�u�^�m�s�b�o 
�k�h�h�[�s�_�g�b�c�� �q�l�h�[�u �i�h�^�^�_�j�`�b�\�Z�l�v �k�\�y�a�v �k �l�_�f�h�c 
�j�Z�a�]�h�\�h�j�Z�� �g�h �g�Z �i�j�Z�d�l�b�d�_ �b�f �w�l�h �m�^�Z�z�l�k�y �g�_ �\�k�_�]�^�Z�� 

�I�_�j�_�o�h�^ �d �^�e�b�g�g�u�f �^�b�Z�e�h�]�Z�f�� �k�h�k�l�h�y�s�b�f �b�a 
�f�g�h�]�b�o �j�_�i�e�b�d�� �i�j�b�\�_�e �d �b�^�_�_ �^�Z�l�v �w�d�k�i�_�j�l�Z�f �b�f�_�g�Z�� 
�©�:�e�_�g�Z �± �h�i�u�l�g�u�c �i�j�h�]�j�Z�f�f�b�k�l�� �<�Z�k�b�e�b�c �± 
�g�Z�q�b�g�Z�x�s�b�c �e�h�]�b�k�l�b�d�ª �b �l�� �i�� �I�h�k�e�_ �w�l�h�]�h �^�Z�\�Z�l�v 
�a�Z�^�Z�g�b�_ �l�h�f�m �b�e�b �b�g�h�f�m �w�d�k�i�_�j�l�m �k�l�Z�g�h�\�b�l�k�y 
�i�j�_�^�_�e�v�g�h �i�j�h�k�l�h�� �©�I�m�k�l�v �:�e�_�g�Z �k�^�_�e�Z�_�l �l�h-�l�h�� 
�I�m�k�l�v �<�Z�k�b�e�b�c �k�^�_�e�Z�_�l �l�h-�l�h�ª�� 

�>�e�y �b�k�k�e�_�^�h�\�Z�g�b�y �i�j�b�f�_�g�y�e�b�k�v �q�_�l�u�j�_ 
�r�b�j�h�d�h�^�h�k�l�m�i�g�u�o �q�Z�l-�[�h�l�Z�� �=�b�]�Z�q�Z�l�� YandexGPT 2, 
ChatGPT �b BING AI  [1�±4]. �K�m�s�_�k�l�\�_�g�g�u�o �j�Z�a�e�b�q�b�c 
�f�_�`�^�m �g�b�f�b �\ �j�_�r�_�g�b�b �i�h�k�l�Z�\�e�_�g�g�u�o �a�Z�^�Z�q �g�_ 
�\�u�y�\�b�e�h�k�v�� �I�j�b �w�l�h�f �k�m�[�t�_�d�l�b�\�g�h �[�h�e�_�_ �b�g�l�_�j�_�k�g�u�f 
�[�u�e BING AI , �k�e�_�^�h�f �± ChatGPT, �a�Z�l�_�f YandexGPT, 
�Z �g�Z �i�h�k�e�_�^�g�_�f �f�_�k�l�_ �h�d�Z�a�Z�e�k�y �=�b�]�Z�q�Z�l�� 

�H�i�b�k�Z�g�b�_ j -�f�_�l�h�^�b�d�b�� �H�[�s�_�g�b�_ �k �q�Z�l-
�[�h�l�h�f �\�_�^�_�l�k�y �i�h �k�e�_�^�m�x�s�_�c �k�o�_�f�_�� 

1. �Q�Z�l-�[�h�l �g�Z�a�g�Z�q�Z�_�l�k�y �g�Z �j�h�e�v �i�j�h�_�d�l�g�h�]�h 
�j�m�d�h�\�h�^�b�l�_�e�y�� �I�_�j�\�Z�y �j�_�i�e�b�d�Z �a�\�m�q�b�l �d�Z�d�� �©�L�u �± 
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�h�i�u�l�g�u�c �j�m�d�h�\�h�^�b�l�_�e�v �i�j�h�_�d�l�Z �k �[�h�e�_�_ �q�_�f �^�_�k�y�l�v�x 
�]�h�^�Z�f�b �h�i�u�l�Z�� �L�_�[�_ �i�h�j�m�q�_�g�h �d�m�j�b�j�h�\�Z�l�v �k�e�_�^�m�x�s�b�c 
�i�j�h�_�d�l�ª��  

2. �>�Z�_�l�k�y �h�i�b�k�Z�g�b�_ �i�j�h�_�d�l�Z�� �i�j�b�q�z�f �_�]�h 
�^�_�l�Z�e�b�a�Z�p�b�y �b�f�_�_�l �\�Z�`�g�h�_ �a�g�Z�q�_�g�b�_�� 

3. �©�N�h�j�f�b�j�m�_�l�k�y �d�h�f�Z�g�^�Z �i�j�h�_�d�l�Z�ª�� 
3.1. �W�l�h �f�h�`�_�l �[�u�l�v �k�^�_�e�Z�g�h �\�h�e�_�\�u�f 

�i�h�j�y�^�d�h�f ���b�g�k�l�j�Z�d�l�� �©�>�e�y �j�_�Z�e�b�a�Z�p�b�b �i�j�h�_�d�l�Z �m �l�_�[�y 
�_�k�l�v �d�h�f�Z�g�^�Z �\ �k�e�_�^�m�x�s�_�f �k�h�k�l�Z�\�_�ª���� �e�b�[�h 
�n�h�j�f�b�j�h�\�Z�g�b�_ �d�h�f�Z�g�^�u �f�h�`�_�l �[�u�l�v �i�h�j�m�q�_�g�h �q�Z�l-
�[�h�l�m ���b�g�k�l�j�Z�d�l�� �©�K�n�h�j�f�b�j�m�c �d�h�f�Z�g�^�m �^�e�y 
�j�_�Z�e�b�a�Z�p�b�b �^�Z�g�g�h�]�h �i�j�h�_�d�l�Z�� �M�d�Z�`�b �k�i�_�p�b�Z�e�v�g�h�k�l�v �b 
�h�i�u�l �d�Z�`�^�h�]�h �b�a �q�e�_�g�h�\ �d�h�f�Z�g�^�u�ª���� 

3.2. �< �k�e�m�q�Z�_ �\�h�e�_�\�h�]�h �©�n�h�j�f�b�j�h�\�Z�g�b�y 
�d�h�f�Z�g�^�u�ª �^�h�k�l�Z�l�h�q�g�h �m�d�Z�a�Z�l�v �k�i�_�p�b�Z�e�v�g�h�k�l�v �b �h�i�u�l 
�j�Z�[�h�l�u �d�Z�`�^�h�]�h �b�a �q�e�_�g�h�\ �d�h�f�Z�g�^�u�� �I�h�^�j�h�[�g�h�_ 
�h�i�b�k�Z�g�b�_ �a�g�Z�g�b�c-�m�f�_�g�b�c-�g�Z�\�u�d�h�\ �k�m�s�_�k�l�\�_�g�g�h�c 
�j�h�e�b �g�_ �b�]�j�Z�_�l ���\ �h�l�e�b�q�b�_ �h�l �i�h�^�j�h�[�g�h�]�h �h�i�b�k�Z�g�b�y 
�i�j�h�_�d�l�Z���� 

3.3. �M�^�h�[�g�h �^�Z�l�v �q�e�_�g�Z�f �d�h�f�Z�g�^�u �b�f�_�g�Z�� �W�l�h 
�i�h�a�\�h�e�b�l �\ �[�m�^�m�s�_�f �e�_�]�d�h �^�Z�\�Z�l�v �a�Z�^�Z�g�b�y 
�d�h�g�d�j�_�l�g�u�f �q�e�_�g�Z�f �d�h�f�Z�g�^�u�� 

3.4. �I�_�j�_�q�_�g�v �k�i�_�p�b�Z�e�b�k�l�h�\�� �\�o�h�^�y�s�b�o �\ 
�d�h�f�Z�g�^�m�� �a�Z�\�b�k�b�l �h�l �k�i�_�p�b�n�b�d�b �i�j�h�_�d�l�Z�� 

4. �I�j�h�\�h�^�b�l�k�y �h�i�j�h�k �q�e�_�g�h�\ �d�h�f�Z�g�^�u �i�h 
�b�g�l�_�j�_�k�m�x�s�b�f �<�Z�k �\�h�i�j�h�k�Z�f�� �H�i�j�h�k �b�f�_�_�l �k�f�u�k�e 
�i�j�h�\�h�^�b�l�v �\ �g�_�k�d�h�e�v�d�h �w�l�Z�i�h�\�� �I�m�k�l�v �k�g�Z�q�Z�e�Z �d�Z�`�^�u�c 
�b�a �q�e�_�g�h�\ �d�h�f�Z�g�^�u �g�Z�a�h�\�_�l �q�_�j�l�u �i�j�h�_�d�l�Z�� �d�h�l�h�j�u�_ 
�d�Z�`�m�l�k�y �_�f�m �k�m�s�_�k�l�\�_�g�g�u�f�b�� �b �h�[�t�y�k�g�b�l�� �i�h�q�_�f�m �h�g 
�l�Z�d �^�m�f�Z�_�l�� �>�Z�e�_�_ �f�h�]�m�l �k�e�_�^�h�\�Z�l�v �\�h�i�j�h�k�u �h 
�^�h�k�l�h�b�g�k�l�\�Z�o �b �g�_�^�h�k�l�Z�l�d�Z�o �i�j�h�_�d�l�Z �k �l�h�q�d�b �a�j�_�g�b�y 
�d�Z�`�^�h�]�h �b�a �w�d�k�i�_�j�l�h�\�� �h �j�b�k�d�Z�o�� �d�h�l�h�j�u�_ �l�h�l �b�e�b 
�b�g�h�c �w�d�k�i�_�j�l �k�q�b�l�Z�_�l �\�Z�`�g�u�f�b�� �h �f�_�j�Z�o 
�i�j�_�^�h�l�\�j�Z�s�_�g�b�y �w�l�b�o �j�b�k�d�h�\ �b �f�_�j�Z�o �j�_�Z�]�b�j�h�\�Z�g�b�y 
�g�Z �g�b�o �\ �k�e�m�q�Z�_ �b�o �h�k�m�s�_�k�l�\�e�_�g�b�y�� �B�f�_�_�l �k�f�u�k�e 
�k�i�j�Z�r�b�\�Z�l�v �g�_ �l�h�e�v�d�h �k�Z�f�h �f�g�_�g�b�_ �w�d�k�i�_�j�l�Z�� �g�h �b �_�]�h 
�h�[�h�k�g�h�\�Z�g�b�_�� 

5. �>�e�y �Z�d�d�m�f�m�e�b�j�h�\�Z�g�b�y �f�g�_�g�b�c �q�e�_�g�h�\ 
�d�h�f�Z�g�^�u �f�h�`�g�h �a�Z�i�j�h�k�b�l�v �]�j�m�i�i�b�j�h�\�Z�g�b�_ �k�o�h�`�b�o 
�f�g�_�g�b�c�� �\�u�k�d�Z�a�Z�g�g�u�o �q�e�_�g�Z�f�b �d�h�f�Z�g�^�u �k �m�d�Z�a�Z�g�b�_�f 
�Z�\�l�h�j�h�\ �f�g�_�g�b�c�� 

�H�l�e�Z�^�d�Z j -�f�_�l�h�^�b�d�b�� �N�h�j�f�b�j�h�\�Z�g�b�_ �b 
�h�l�e�Z�^�d�Z j-�f�_�l�h�^�b�d�b �i�j�h�\�h�^�b�e�Z�k�v �g�Z �k�e�_�^�m�x�s�_�f 
�g�Z�[�h�j�_ �i�j�h�_�d�l�h�\�� 

1. �H�d�h�e�h �^�\�Z�^�p�Z�l�b �g�_�[�h�e�v�r�b�o �i�j�h�]�j�Z�f�f�g�u�o 
�i�j�h�_�d�l�h�\�� 

2. �Q�_�l�u�j�_ �h�j�]�Z�g�b�a�Z�p�b�h�g�g�u�o �i�j�h�_�d�l�Z �m�j�h�\�g�y 
�k�l�Z�j�l�Z�i�Z�� 

3. �>�\�Z �n�_�^�_�j�Z�e�v�g�u�o �i�j�h�_�d�l�Z 
�©�B�g�n�j�Z�k�l�j�m�d�l�m�j�Z �^�e�y �h�[�j�Z�s�_�g�b�y �k �h�l�o�h�^�Z�f�b I-II  
�d�e�Z�k�k�h�\ �h�i�Z�k�g�h�k�l�b�ª [13] �b �©�;�h�j�v�[�Z �k 
�h�g�d�h�e�h�]�b�q�_�k�d�b�f�b �a�Z�[�h�e�_�\�Z�g�b�y�f�b�ª [14]. 

4. �J�_�h�j�]�Z�g�b�a�Z�p�b�y �k�l�j�m�d�l�m�j�u �I�_�j�f�k�d�h�]�h 
�]�h�k�m�g�b�\�_�j�k�b�l�_�l�Z�� 

5. �B�k�d�m�k�k�l�\�_�g�g�h �k�]�_�g�_�j�b�j�h�\�Z�g�g�u�c �©�i�e�h�o�h�c 
�i�j�h�_�d�l�ª�� 

�F�_�l�h�^�b�d�Z �i�h�d�Z�a�Z�e�Z �k�\�h�x 
�j�Z�[�h�l�h�k�i�h�k�h�[�g�h�k�l�v�� �K �_�_ �i�h�f�h�s�v�x �\ �[�h�e�v�r�b�g�k�l�\�_ 
�k�e�m�q�Z�_�\ �m�^�Z�_�l�k�y �a�Z�k�l�Z�\�b�l�v �=�B�B �j�_�r�b�l�v 
�i�h�k�l�Z�\�e�_�g�g�m�x �a�Z�^�Z�q�m�� �i�j�h�\�_�k�l�b �]�j�m�i�i�h�\�m�x 
�w�d�k�i�_�j�l�b�a�m �i�j�h�_�d�l�Z�� �I�j�b �w�l�h�f �i�j�h�y�\�e�y�x�l�k�y �d�Z�d 
�h�[�u�q�g�u�_ �g�_�^�h�k�l�Z�l�d�b �=�B�B�� �l�Z�d �b �_�]�h �^�h�k�l�h�b�g�k�l�\�Z�� �D 
�g�_�^�h�k�l�Z�l�d�Z�f �h�l�g�_�k�_�f �g�_�k�l�Z�[�b�e�v�g�h�k�l�v �j�Z�[�h�l�u�� 

�k�i�h�k�h�[�g�h�k�l�v �]�Z�e�e�x�p�b�g�b�j�h�\�Z�l�v�� �h�[�e�Z�^�Z�g�b�_ �©�a�g�Z�g�b�y�f�b 
�\�h�h�[�s�_�ª �b �g�_�^�h�k�l�Z�l�h�d �a�g�Z�g�b�c �h �d�h�g�d�j�_�l�g�h�f �y�\�e�_�g�b�b�� 
�I�h�k�e�_�^�g�_�_ �i�j�b�\�h�^�b�l �d �l�h�f�m�� �q�l�h �h�l�\�_�l�u �q�Z�l-�[�h�l�Z 
�[�u�\�Z�x�l �o�h�j�h�r�b �\ �h�l�g�h�r�_�g�b�b �©�k�l�j�_�e�v�[�u �i�h 
�i�e�h�s�Z�^�y�f�ª�� �g�h �g�_ �\ �h�l�g�h�r�_�g�b�b �d�h�g�d�j�_�l�g�h�c 
�k�b�l�m�Z�p�b�b�� �>�h�k�l�h�b�g�k�l�\�Z �=�B�B �± �w�l�h �h�[�r�b�j�g�u�_ 
�i�h�a�g�Z�g�b�y �d�Z�d �\ �Z�g�Z�e�b�a�b�j�m�_�f�h�c �i�j�_�^�f�_�l�g�h�c �h�[�e�Z�k�l�b�� 
�l�Z�d �b �\ �k�f�_�`�g�u�o �i�j�_�^�f�_�l�g�u�o �h�[�e�Z�k�l�y�o�� �\�h�a�f�h�`�g�h�k�l�v 
�h�i�_�j�Z�l�b�\�g�h �i�j�b�\�e�_�q�v �d �j�Z�[�h�l�_ �f�g�h�`�_�k�l�\�h 
�\�b�j�l�m�Z�e�v�g�u�o �w�d�k�i�_�j�l�h�\ �j�Z�a�g�h�c �k�i�_�p�b�Z�e�b�a�Z�p�b�b�� 

�G�_�k�d�h�e�v�d�h �j�Z�a �i�j�h�\�h�^�b�e�b�k�v �k�\�h�_�h�[�j�Z�a�g�u�_ 
�k�h�j�_�\�g�h�\�Z�g�b�y �f�_�`�^�m �e�x�^�v�f�b �b �q�Z�l-�[�h�l�Z�f�b�� 
�I�j�_�^�f�_�l�h�f �k�h�j�_�\�g�h�\�Z�g�b�c �[�u�e�h �\�u�y�\�e�_�g�b�_ �j�b�k�d�h�\�� 
�K�g�Z�q�Z�e�Z �e�x�^�b �\�u�y�\�e�y�e�b �j�b�k�d�b �i�j�h�_�d�l�Z �e�x�[�u�f�b 
�b�a�\�_�k�l�g�u�f�b �b�f �k�i�h�k�h�[�Z�f�b�� �:  �i�h�l�h�f �^�e�y �l�h�]�h �`�_ 
�k�Z�f�h�]�h �i�j�b�f�_�g�y�e�b j-�f�_�l�h�^�b�d�m�� �J�_�a�m�e�v�l�Z�l�u �j�Z�a �h�l �j�Z�a�Z 
�h�l�e�b�q�Z�e�b�k�v �k�b�e�v�g�h�� �G�h �\ �p�_�e�h�f �d�Z�j�l�b�g�Z �g�Z�i�h�f�b�g�Z�_�l 
�]�j�Z�n�b�d �g�h�j�f�Z�e�v�g�h�]�h �j�Z�k�i�j�_�^�_�e�_�g�b�y�� �g�Z �h�^�g�h�f �d�h�g�p�_ 
�d�h�l�h�j�h�]�h �g�Z�o�h�^�y�l�k�y �j�b�k�d�b�� �\�u�y�\�e�_�g�g�u�_ �l�h�e�v�d�h 
�e�x��̂v�f�b�� �g�h �g�_ �\�u�y�\�e�_�g�g�u�_ �=�B�B�� �g�Z �^�j�m�]�h�f �± �j�b�k�d�b�� 
�\�u�y�\�e�_�g�g�u�_ �l�h�e�v�d�h �=�B�B�� �g�h �g�_ �\�u�y�\�e�_�g�g�u�_ �e�x�^�v�f�b�� 
�Z �i�h�k�j�_�^�b�g�_ �± �j�b�k�d�b�� �\�u�y�\�e�_�g�g�u�_ �b �e�x�^�v�f�b�� �b �=�B�B�� 
�H�[�Z �d�h�g�p�Z �f�h�`�g�h �h�p�_�g�b�l�v �i�j�b�f�_�j�g�h �\ 20 %, 
�k�_�j�_�^�b�g�m �± �i�j�b�f�_�j�g�h �\ 60 %. 

�N�_�^�_�j�Z�e�v�g�u�_ �i�j�h�_�d�l�u �[�u�e�b �\�a�y�l�u �b�a 
�i�_�j�_�q�g�y �n�_�^�_�j�Z�e�v�g�u�o �i�j�h�_�d�l�h�\ [15]. �H�p�_�g�b�\�Z�e�b�k�v 
�h�g�b �k �l�h�q�d�b �a�j�_�g�b�y �l�j�_�[�h�\�Z�g�b�c�� �\�a�y�l�u�o �b�a �D�h�g�p�_�i�p�b�b 
�g�Z�p�b�h�g�Z�e�v�g�h�c �[�_�a�h�i�Z�k�g�h�k�l�b [16]. �>�e�y �g�Z�k 
�i�j�_�^�k�l�Z�\�e�y�e �b�g�l�_�j�_�k �\�u�o�h�^ j-�f�_�l�h�^�b�d�b �a�Z �i�j�_�^�_�e�u 
�g�Z�q�Z�e�v�g�h�c �h�[�e�Z�k�l�b �i�j�b�f�_�g�_�g�b�y ���j�Z�a�j�Z�[�h�l�d�b 
�i�j�h�]�j�Z�f�f�g�u�o �i�j�h�_�d�l�h�\�� �b �g�Z�q�Z�e�v�g�h�]�h �f�Z�k�r�l�Z�[�Z 
�Z�g�Z�e�b�a�b�j�m�_�f�u�o �i�j�h�_�d�l�h�\�� �I�j�h�_�d�l�u �^�e�y �b�k�k�e�_�^�h�\�Z�g�b�y 
�\�u�[�b�j�Z�e�b�k�v �k�e�m�q�Z�c�g�u�f �h�[�j�Z�a�h�f�� �i�j�b �w�l�h�f 
�m�q�b�l�u�\�Z�e�h�k�v �\�k�_�]�h �l�j�b �m�k�e�h�\�b�y�� �k�l�Z�l�m�k �n�_�^�_�j�Z�e�v�g�h�]�h 
�i�j�h�_�d�l�Z�� �d�j�Z�l�d�h�k�l�v �h�i�b�k�Z�g�b�y �b �a�Z�f�_�l�g�u�_ �h�l�e�b�q�b�y 
�f�_�`�^�m �i�j�h�_�d�l�Z�f�b�� �D�j�Z�l�d�h�k�l�v �[�u�e�Z �\�Z�`�g�Z �^�e�y 
�k�h�h�l�\�_�l�k�l�\�b�y �h�]�j�Z�g�b�q�_�g�b�y�f �g�Z �^�e�b�g�m �a�Z�i�j�h�k�Z�� �Z 
�j�Z�a�e�b�q�b�y �i�h�a�\�h�e�y�e�b �i�j�h�k�e�_�^�b�l�v�� �g�Z�k�d�h�e�v�d�h �=�B�B 
�[�m�^�_�l �m�q�b�l�u�\�Z�l�v �h�k�h�[�_�g�g�h�k�l�b �d�Z�`�^�h�]�h �i�j�h�_�d�l�Z �i�j�b 
�n�h�j�f�b�j�h�\�Z�g�b�b �j�_�d�h�f�_�g�^�Z�p�b�c�� �F�_�l�h�^�b�d�Z �k�j�Z�[�h�l�Z�e�Z�� 
�< �q�Z�k�l�g�h�k�l�b�� �[�u�e�h �b�g�l�_�j�_�k�g�h �g�Z�[�e�x�^�Z�l�v �l�Z�d�h�_ 
�y�\�e�_�g�b�_�� �< �w�d�h�e�h�]�b�q�_�k�d�h�f �i�j�h�_�d�l�_ �l�j�b �w�d�k�i�_�j�l�Z �± 
�b�k�k�e�_�^�h�\�Z�l�_�e�v�� �x�j�b�k�l �b �i�h�e�b�l�h�e�h�] �± �m�d�Z�a�Z�e�b �g�Z 
�j�b�k�d�b�� �k�\�y�a�Z�g�g�u�_ �k �j�Z�a�\�b�l�b�_�f �b�g�n�j�Z�k�l�j�m�d�l�m�j�u�� �G�h 
�d�Z�`�^�u�c �b�a �g�b�o �^�Z�e �w�l�b�f �j�b�k�d�Z�f �h�[�h�k�g�h�\�Z�g�b�_ �k�h �k�\�h�_�c 
�l�h�q�d�b �a�j�_�g�b�y�� �J�Z�[�h�l�Z �k �w�l�b�f�b �i�j�h�_�d�l�Z�f�b �h�i�b�k�Z�g�Z �\ 
[6].  

�H�k�h�[�u�c �b�g�l�_�j�_�k �i�j�_�^�k�l�Z�\�e�y�_�l �w�d�k�i�_�j�l�b�a�Z �l�Z�d 
�g�Z�a�u�\�Z�_�f�h�]�h �©�i�e�h�o�h�]�h �i�j�h�_�d�l�Z�ª ���l�Z�d�`�_ �h�i�b�k�Z�g�g�Z�y �\ 
[6]). �<�k�_ �n�_�^�_�j�Z�e�v�g�u�_ �i�j�h�_�d�l�u�� �\�a�y�l�u�_ �b�a [15], �[�u�e�b 
�h�p�_�g�_�g�u �=�B�B �d�Z�d �m�^�h�\�e�_�l�\�h�j�y�x�s�b�_ �l�j�_�[�h�\�Z�g�b�y�f 
�g�Z�p�b�h�g�Z�e�v�g�h�c �[�_�a�h�i�Z�k�g�h�k�l�b [16]. �<�h�a�g�b�d �\�h�i�j�h�k�� 
�k�m�f�_�_�l �e�b �=�B�B �\�u�y�\�b�l�v �i�j�h�_�d�l�� �i�j�_�^�k�l�Z�\�e�y�x�s�b�c 
�i�h�l�_�g�p�b�Z�e�v�g�m�x �h�i�Z�k�g�h�k�l�v �^�e�y �h�[�s�_�k�l�\�Z�� �Q�Z�l-�[�h�l�m 
BING AI  �[�u�e�Z �i�h�k�l�Z�\�e�_�g�Z �a�Z�^�Z�q�Z c�]�_�g�_�j�b�j�h�\�Z�l�v 
�h�i�b�k�Z�g�b�_ �i�j�h�_�d�l�Z�� �d�h�l�h�j�u�c �k�d�j�u�\�Z�e �[�u �\ �k�_�[�_ 
�i�h�l�_�g�p�b�Z�e�v�g�m�x �m�]�j�h�a�m�� �Q�Z�l-�[�h�l �k �a�Z�^�Z�q�_�c �k�i�j�Z�\�b�e�k�y�� 
�i�j�_�^�\�Z�j�b�l�_�e�v�g�h �i�j�_�^�m�i�j�_�^�b�\ �h �l�h�f�� �q�l�h �w�l�h 
�]�b�i�h�l�_�l�b�q�_�k�d�b�c �k�p�_�g�Z�j�b�c�� �g�_ �i�j�_�^�i�h�e�Z�]�Z�x�s�b�c 
�j�_�Z�e�v�g�u�o �^�_�c�k�l�\�b�c�� �h�g �i�j�_�^�h�k�l�Z�\�b�e �h�i�b�k�Z�g�b�_ 
�i�j�h�_�d�l�Z �©�P�b�n�j�h�\�h�c �d�h�g�l�j�h�e�v�ª�� �< �w�l�h�f �i�j�h�_�d�l�_�� �o�h�l�y 
�m�i�h�j �[�u�e �k�^�_�e�Z�g �g�Z �[�_�a�h�i�Z�k�g�h�k�l�v �]�j�Z�`�^�Z�g�� 
�k�h�^�_�j�`�Z�e�Z�k�v �k�d�j�u�l�Z�y �\�h�a�f�h�`�g�h�k�l�v �^�e�y �h�]�j�Z�g�b�q�_�g�b�y 
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�k�\�h�[�h�^�� �H�k�g�h�\�g�h�c �p�_�e�v�x �i�j�h�_�d�l�Z �[�u�e�h �m�k�b�e�_�g�b�_ 
�d�h�g�l�j�h�e�y �a�Z �j�Z�a�e�b�q�g�u�f�b �Z�k�i�_�d�l�Z�f�b �`�b�a�g�b �]�j�Z�`�^�Z�g �b 
�[�b�a�g�_�k�Z �k �i�h�f�h�s�v�x �p�b�n�j�h�\�u�o �l�_�o�g�h�e�h�]�b�c�� 
�I�j�_�^�i�h�e�Z�]�Z�e�h�k�v �k�h�a�^�Z�l�v �k�b�k�l�_�f�m �^�e�y �b�^�_�g�l�b�n�b�d�Z�p�b�b 
�b �Z�m�l�_�g�l�b�n�b�d�Z�p�b�b�� �k�h�[�b�j�Z�l�v �b �Z�g�Z�e�b�a�b�j�h�\�Z�l�v 
�[�h�e�v�r�b�_ �^�Z�g�g�u�_�� �\�g�_�^�j�y�l�v �k�b�k�l�_�f�u 
�\�b�^�_�h�g�Z�[�e�x�^�_�g�b�y�� �Z �l�Z�d�`�_ �b�k�i�h�e�v�a�h�\�Z�l�v 
�b�k�d�m�k�k�l�\�_�g�g�u�c �b�g�l�_�e�e�_�d�l �^�e�y �i�j�h�]�g�h�a�b�j�h�\�Z�g�b�y �b 

�i�j�_�^�h�l�\�j�Z�s�_�g�b�y �g�_�`�_�e�Z�l�_�e�v�g�u�o �k�h�[�u�l�b�c�� �>�e�y 
�q�b�k�l�h�l�u �w�d�k�i�_�j�b�f�_�g�l�Z �^�Z�g�g�Z�y �k�_�k�k�b�y �[�u�e�Z 
�a�Z�\�_�j�r�_�g�Z�� �Z �h�p�_�g�d�Z �[�_�a�h�i�Z�k�g�h�k�l�b �i�j�h�\�h�^�b�e�Z�k�v 
�h�l�^�_�e�v�g�h�� �\ �^�j�m�]�h�c �k�_�k�k�b�b�� �q�l�h�[�u �b�k�d�e�x�q�b�l�v �\�e�b�y�g�b�_ 
�b�g�n�h�j�f�Z�p�b�b �h �]�b�i�h�l�_�l�b�q�g�h�k�l�b �b �h�i�Z�k�g�h�k�l�b �i�j�h�_�d�l�Z 
�g�Z �\�_�j�^�b�d�l �q�Z�l-�[�h�l�Z�� �< �b�l�h�]�_ �i�j�h�_�d�l �[�u�e �j�Z�k�i�h�a�g�Z�g 
�d�Z�d �i�h�l�_�g�p�b�Z�e�v�g�h �h�i�Z�k�g�u�c ���j�b�k�m�g�h�d 2). 

 

 
�J�b�k�m�g�h�d 2 �± �<�_�j�^�b�d�l �q�Z�l-�[�h�l�Z �h �[�_�a�h�i�Z�k�g�h�k�l�b �i�j�h�_�d�l�Z �©�P�b�n�j�h�\�h�c �d�h�g�l�j�h�e�v�ª 

�A�Z�d�e�x�q�_�g�b�_�� �< �j�_�a�m�e�v�l�Z�l�_ �i�j�h�\�_�^�_�g�g�u�o 
�b�k�k�e�_�^�h�\�Z�g�b�c�� 

1. �M�k�l�Z�g�h�\�e�_�g�h�� �q�l�h �=�B�B �f�h�`�g�h 
�b�k�i�h�e�v�a�h�\�Z�l�v �^�e�y �h�j�]�Z�g�b�a�Z�p�b�b �]�j�m�i�i�h�\�h�c 
�w�d�k�i�_�j�l�b�a�u �i�j�h�_�d�l�h�\ �b�a �j�Z�a�e�b�q�g�u�o �i�j�_�^�f�_�l�g�u�o 
�h�[�e�Z�k�l�_�c�� 

2. �I�j�_�^�e�h�`�_�g�Z �f�_�l�h�^�b�d�Z �i�j�b�f�_�g�_�g�b�y �=�B�B 
�^�e�y �j�_�r�_�g�b�y �^�Z�g�g�h�c �a�Z�^�Z�q�b�� �K�n�h�j�f�m�e�b�j�h�\�Z�g 
�g�Z�[�h�j �b�g�k�l�j�Z�d�l�h�\�� �d�h�l�h�j�u�c �f�h�`�_�l �[�u�l�v �i�j�b�f�_�g�_�g 
�^�e�y �^�Z�g�g�h�c �p�_�e�b 

3. �I�j�_�^�e�h�`�_�g�g�Z�y �f�_�l�h�^�b�d�Z �Z�i�j�h�[�b�j�h�\�Z�g�Z 
�\ �i�j�h�p�_�k�k�_ �h�j�]�Z�g�b�a�Z�p�b�b �]�j�m�i�i�h�\�h�c �w�d�k�i�_�j�l�b�a�u 

�j�y�^�Z �i�j�h�]�j�Z�f�f�g�u�o �i�j�h�_�d�l�h�\ �b �j�y�^�Z �w�d�h�g�h�f�b�q�_�k�d�b�o 
�i�j�h�_�d�l�h�\ �j�Z�a�g�h�]�h �f�Z�k�r�l�Z�[�Z�� �h�l �k�l�Z�j�l�Z�i�h�\ �^�h 
�g�Z�p�b�h�g�Z�e�v�g�u�o �i�j�h�_�d�l�h�\�� 

4. �D�h�j�j�_�d�l�g�h�k�l�v �i�j�b�f�_�g�_�g�b�y �f�_�l�h�^�b�d�b 
�l�j�_�[�m�_�l �i�h�g�b�f�Z�g�b�y �k�m�l�b �=�B�B �b �^�h�i�m�k�l�b�f�h�c �f�_�j�u 
�^�h�\�_�j�b�y �d �j�_�a�m�e�v�l�Z�l�Z�f �_�]�h �^�_�y�l�_�e�v�g�h�k�l�b�� 

5. �I�j�h�\�_�^�_�g�h �k�j�Z�\�g�_�g�b�_ �g�_�k�d�h�e�v�d�b�o 
�i�h�i�m�e�y�j�g�u�o �=�B�B-�q�Z�l-�[�h�l�h�\ �k �l�h�q�d�b �a�j�_�g�b�y 
�b�k�i�h�e�v�a�h�\�Z�g�b�y �b�o �\ �i�j�_�^�e�h�`�_�g�g�h�c �f�_�l�h�^�b�d�_��  

 

 
�K�i�b�k�h�d �b�k�i�h�e�v�a�m�_�f�h�c �e�b�l�_�j�Z�l�m�j�u 
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�<�\�_�^�_�g�b�_�� �F�Z�r�b�g�g�Z�y �h�[�j�Z�[�h�l�d�Z 

�_�k�l�_�k�l�\�_�g�g�h�]�h �y�a�u�d�Z (natural language processing, 
NLP) �w�n�n�_�d�l�b�\�g�h �b�k�i�h�e�v�a�m�_�l �y�a�u�d�h�\�u�_ �^�Z�g�g�u�_ �^�e�y 
�j�_�r�_�g�b�y �i�h�\�k�_�^�g�_�\�g�u�o �a�Z�^�Z�q�� �G�Z �^�Z�g�g�u�c �f�h�f�_�g�l 
�h�^�g�h�c �b�a �i�h�i�m�e�y�j�g�u�o �a�Z�^�Z�q �y�\�e�y�_�l�k�y �i�h�g�b�f�Z�g�b�_ 
�l�_�d�k�l�Z�� �>�Z�g�g�Z�y �a�Z�^�Z�q�Z �\�d�e�x�q�Z�_�l �\ �k�_�[�y�� 
�d�e�Z�k�k�b�n�b�d�Z�p�b�x�� �]�_�g�_�j�Z�p�b�x�� �i�_�j�_�\�h�^ �l�_�d�k�l�Z�� �h�l�\�_�l�u 
�g�Z �\�h�i�j�h�k�u�� �Z�g�g�h�l�b�j�h�\�Z�g�b�_ �b�a�h�[�j�Z�`�_�g�b�c �b �^�j�m�]�b�_ 
�a�Z�^�Z�q�b��  

�:�\�l�h�f�Z�l�b�q�_�k�d�Z�y �]�_�g�_�j�Z�p�b�y �k�_�f�Z�g�l�b�q�_�k�d�b 
�k�\�y�a�g�h�]�h �l�_�d�k�l�Z �y�\�e�y�_�l�k�y �k�e�h�`�g�h�c �b �i�h�i�m�e�y�j�g�h�c 
�a�Z�^�Z�q�_�c�� �d�h�l�h�j�Z�y �g�Z�o�h�^�b�l �i�j�b�f�_�g�_�g�b�_ �\ �j�Z�a�e�b�q�g�u�o 
�h�[�e�Z�k�l�y�o�� �f�Z�r�b�g�g�u�c �i�_�j�_�\�h�^ �l�_�d�k�l�h�\�� �k�h�a�^�Z�g�b�_ 
�k�m�[�l�b�l�j�h�\�� �Z�g�g�h�l�b�j�h�\�Z�g�b�_ �l�_�d�k�l�h�\�� �k�h�a�^�Z�g�b�_ 
�g�h�\�h�k�l�g�u�o �k�l�Z�l�_�c �b �^�j�m�]�h�]�h �d�h�g�l�_�g�l�Z�� �q�Z�l-�[�h�l�u�� 
�\�b�j�l�m�Z�e�v�g�u�_ �i�h�f�h�s�g�b�d�b�� 

�:�\�l�h�w�g�d�h�^�_�j �± �w�l�h �l�b�i �g�_�c�j�h�g�g�h�c �k�_�l�b�� 
�d�h�l�h�j�u�c �b�k�i�h�e�v�a�m�_�l�k�y �^�e�y �d�h�f�i�j�_�k�k�b�b �b 
�\�h�k�k�l�Z�g�h�\�e�_�g�b�y �\�o�h�^�g�u�o �^�Z�g�g�u�o [1]. �H�g �k�h�k�l�h�b�l �b�a 
�^�\�m�o �k�e�h�_�\�� �d�h�^�_�j�Z �b �^�_�d�h�^�_�j�Z�� �D�h�^�_�j �i�j�_�h�[�j�Z�a�m�_�l 
�\�o�h�^�g�u�_ �^�Z�g�g�u�_�� �g�Z�i�j�b�f�_�j�� �k�`�b�f�Z�_�l �l�_�d�k�l �\ 
�g�_�d�h�l�h�j�u�c �\�_�d�l�h�j ���d�h�^�b�j�h�\�Z�g�b�_���� �Z �^�_�d�h�^�_�j 
�\�h�k�k�l�Z�g�Z�\�e�b�\�Z�_�l �b�k�o�h�^�g�u�c �l�_�d�k�l �b�a �\�_�d�l�h�j�Z 
���^�_�d�h�^�b�j�h�\�Z�g�b�_���� �< �i�j�h�p�_�k�k�_ �]�_�g�_�j�Z�p�b�b �l�_�d�k�l�Z �g�Z 
�^�_�d�h�^�_�j �i�h�^�Z�_�l�k�y �g�_�d�h�l�h�j�u�c �k�e�m�q�Z�c�g�u�c �\�_�d�l�h�j�� �^�e�y 
�_�]�h �i�h�k�e�_�^�m�x�s�_�]�h �\�h�k�k�l�Z�g�h�\�e�_�g�b�y �\ �l�_�d�k�l�� 

�>�e�y �]�_�g�_�j�Z�p�b�b �l�_�d�k�l�Z �g�Z �h�k�g�h�\�_ �a�Z�^�Z�g�g�u�o 
�i�Z�j�Z�f�_�l�j�h�\ �b�e�b �d�h�g�l�_�d�k�l�Z�� �Z�\�l�h�w�g�d�h�^�_�j �f�h�`�_�l �[�u�l�v 
�f�h�^�b�n�b�p�b�j�h�\�Z�g �^�h�[�Z�\�e�_�g�b�_�f �k�e�h�y �f�_�`�^�m �d�h�^�_�j�h�f �b 
�^�_�d�h�^�_�j�h�f�� �d�h�l�h�j�u�c �i�j�b�g�b�f�Z�_�l �i�Z�j�Z�f�_�l�j�u �b�e�b 
�d�h�g�l�_�d�k�l �b �\�g�h�k�b�l �b�a�f�_�g�_�g�b�y �\ �d�h�f�i�Z�d�l�g�h�_ 
�i�j�_�^�k�l�Z�\�e�_�g�b�_ �i�_�j�_�^ �_�]�h �\�h�k�k�l�Z�g�h�\�e�_�g�b�_�f�� �W�l�h�l 
�^�h�i�h�e�g�b�l�_�e�v�g�u�c �k�e�h�c �f�h�`�_�l �[�u�l�v �j�_�Z�e�b�a�h�\�Z�g�� 
�g�Z�i�j�b�f�_�j�� �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �j�_�d�m�j�j�_�g�l�g�u�o 
�g�_�c�j�h�g�g�u�o �k�_�l�_�c�� 

�I�j�b �w�l�h�f �Z�\�l�h�w�g�d�h�^�_�j�u �f�h�]�m�l �b�f�_�l�v 
�h�]�j�Z�g�b�q�_�g�b�y �\ �l�h�f�� �q�l�h �d�Z�k�Z�_�l�k�y �k�h�a�^�Z�g�b�y �l�_�d�k�l�h�\�� 
�d�h�l�h�j�u�_ �l�j�_�[�m�x�l �]�e�m�[�h�d�h�]�h �i�h�g�b�f�Z�g�b�y �d�h�g�l�_�d�k�l�Z�� 
�w�f�h�p�b�h�g�Z�e�v�g�h�c �i�j�b�\�e�_�d�Z�l�_�e�v�g�h�k�l�b �b�e�b �l�\�h�j�q�_�k�d�h�]�h 
�i�h�^�o�h�^�Z�� �< �l�Z�d�b�o �k�e�m�q�Z�y�o �f�h�`�_�l �i�h�l�j�_�[�h�\�Z�l�v�k�y 
�b�k�i�h�e�v�a�h�\�Z�g�b�_ �[�h�e�_�_ �k�e�h�`�g�u�o �f�_�l�h�^�h�\ �b 
�Z�e�]�h�j�b�l�f�h�\�� �l�Z�d�b�o �d�Z�d �]�_�g�_�j�Z�l�b�\�g�h-�k�h�k�l�y�a�Z�l�_�e�v�g�u�_ 
�k�_�l�b (GAN) �b�e�b �j�_�d�m�j�j�_�g�l�g�u�_ �g�_�c�j�h�g�g�u�_ �k�_�l�b 
(RNN). 

RNN ���j�_�d�m�j�j�_�g�l�g�u�_ �g�_�c�j�h�g�g�u�_ �k�_�l�b�� �f�h�]�m�l 
�[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u �^�e�y �i�h�k�b�f�\�h�e�v�g�h�c �]�_�g�_�j�Z�p�b�b 
�^�e�b�g�g�u�o �l�_�d�k�l�h�\�� �>�e�y �w�l�h�]�h RNN �h�[�j�Z�[�Z�l�u�\�Z�_�l 
�\�o�h�^�g�u�_ �^�Z�g�g�u�_ �i�h �h�^�g�h�c �k�b�f�\�h�e�m �a�Z �j�Z�a�� �b�k�i�h�e�v�a�m�y 
�b�g�n�h�j�f�Z�p�b�x �b�a �i�j�_�^�u�^�m�s�b�o �w�e�_�f�_�g�l�h�\ 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �^�e�y �h�[�j�Z�[�h�l�d�b �l�_�d�m�s�_�]�h 
�w�e�_�f�_�g�l�Z�� �W�l�h �f�h�`�_�l �[�u�l�v �i�h�e�_�a�g�h �^�e�y �]�_�g�_�j�Z�p�b�b 
�l�_�d�k�l�h�\�� �l�Z�d �d�Z�d RNN �f�h�`�_�l �m�q�b�l�v�k�y �g�Z �a�Z�\�b�k�b�f�h�k�l�b 
�f�_�`�^�m �w�e�_�f�_�g�l�Z�f�b �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �b 
�b�k�i�h�e�v�a�h�\�Z�l�v �w�l�m �b�g�n�h�j�f�Z�p�b�x �^�e�y �k�h�a�^�Z�g�b�y �l�_�d�k�l�Z 
�g�Z �h�k�g�h�\�_ �a�Z�^�Z�g�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �b�e�b �d�h�g�l�_�d�k�l�Z�� 

�H�^�g�Z�d�h �k�e�_�^�m�_�l �m�q�b�l�u�\�Z�l�v�� �q�l�h RNN �f�h�`�_�l 
�b�f�_�l�v �l�j�m�^�g�h�k�l�b �k �h�[�j�Z�[�h�l�d�h�c �h�q�_�g�v �^�e�b�g�g�u�o 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c �b�a-�a�Z �i�j�h�[�e�_�f �k �^�h�e�]�h�k�j�h�q�g�h�c 
�i�Z�f�y�l�v�x�� �< �l�Z�d�b�o �k�e�m�q�Z�y�o �f�h�]�m�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g�u 
�[�h�e�_�_ �k�e�h�`�g�u�_ �Z�j�o�b�l�_�d�l�m�j�u�� �l�Z�d�b�_ �d�Z�d LSTM �b�e�b 
GRU [2, 3]. 

LSTM �± �w�l�h �l�b�i �j�_�d�m�j�j�_�g�l�g�h�c �g�_�c�j�h�g�g�h�c 
�k�_�l�b�� �d�h�l�h�j�u�c �h�[�e�Z�^�Z�_�l �k�i�h�k�h�[�g�h�k�l�v�x �d 
�^�h�e�]�h�k�j�h�q�g�h�c �i�Z�f�y�l�b�� �W�l�h �^�_�e�Z�_�l �_�]�h �[�h�e�_�_ 
�i�h�^�o�h�^�y�s�b�f �^�e�y �h�[�j�Z�[�h�l�d�b �b �]�_�g�_�j�Z�p�b�b �l�_�d�k�l�h�\�� �\ 
�d�h�l�h�j�u�o �i�j�b�k�m�l�k�l�\�m�x�l �^�h�e�]�h�k�j�h�q�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b 
�f�_�`�^�m �w�e�_�f�_�g�l�Z�f�b �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� LSTM 
�f�h�`�_�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g �^�e�y �]�_�g�_�j�Z�p�b�b �l�_�d�k�l�Z �g�Z 
�h�k�g�h�\�_ �a�Z�^�Z�g�g�u�o �i�Z�j�Z�f�_�l�j�h�\ �b�e�b �d�h�g�l�_�d�k�l�Z�� 
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�m�q�b�l�u�\�Z�y �^�h�e�]�h�k�j�h�q�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b �f�_�`�^�m 
�w�e�_�f�_�g�l�Z�f�b �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� 

�>�e�y �]�_�g�_�j�Z�p�b�b �l�_�d�k�l�Z �k �i�h�f�h�s�v�x LSTM, 
�g�_�h�[�o�h�^�b�f�h �\�u�i�h�e�g�b�l�v �k�e�_�^�m�x�s�b�_ �r�Z�]�b�� 

1. �I�h�^�]�h�l�h�\�d�Z �^�Z�g�g�u�o�� �L�_�d�k�l�h�\�u�_ �^�Z�g�g�u�_ 
�^�h�e�`�g�u �[�u�l�v �i�j�_�h�[�j�Z�a�h�\�Z�g�u �\ �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b 
�k�b�f�\�h�e�h�\�� �]�^�_ �d�Z�`�^�u�c �k�b�f�\�h�e �i�j�_�^�k�l�Z�\�e�_�g �q�b�k�e�h�f�� 
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�f �_�]�h �b�g�^�_�d�k�m �\ �Z�e�n�Z�\�b�l�_ �b�e�b 
�k�e�h�\�Z�j�_�� 

2. �H�[�j�Z�[�h�l�d�Z �^�Z�g�g�u�o�� �<�u�i�h�e�g�y�_�l�k�y 
�i�j�_�h�[�j�Z�a�h�\�Z�g�b�_ �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �k�b�f�\�h�e�h�\ �\ 
�f�Z�l�j�b�p�u�� �]�^�_ �d�Z�`�^�u�c �k�l�h�e�[�_�p �i�j�_�^�k�l�Z�\�e�_�g �\�_�d�l�h�j�h�f�� 
�h�i�b�k�u�\�Z�x�s�b�f �k�b�f�\�h�e �\ �k�h�h�l�\�_�l�k�l�\�m�x�s�_�f �w�e�_�f�_�g�l�_ 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b��  

3. �H�[�m�q�_�g�b�_ LSTM. �H�[�m�q�_�g�b�_�f LSTM 
�i�j�h�b�a�\�h�^�b�l�k�y �g�Z �i�h�^�]�h�l�h�\�e�_�g�g�u�o �^�Z�g�g�u�o�� �b�k�i�h�e�v�a�m�y 
�f�_�l�h�^�u �h�[�j�Z�l�g�h�]�h �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�y �h�r�b�[�d�b �b 
�h�i�l�b�f�b�a�Z�p�b�x �i�h�l�_�j�v�� �l�Z�d�b�_ �d�Z�d �f�b�g�b�f�Z�e�v�g�h�_ 
�d�\�Z�^�j�Z�l�b�q�g�h�_ �h�r�b�[�d�b (MSE) �b�e�b �d�j�h�k�k-�w�g�l�j�h�i�b�y�� 

4. �=�_�g�_�j�Z�p�b�y �l�_�d�k�l�Z�� �>�e�y �]�_�g�_�j�Z�p�b�b �l�_�d�k�l�Z 
�g�_�h�[�o�h�^�b�f�h �h�i�j�_�^�_�e�b�l�v �©�g�Z�q�Z�e�v�g�u�c �l�_�d�k�l�ª ���n�j�Z�a�m 
�b�e�b �k�e�h�\�h�� �b �b�k�i�h�e�v�a�m�y LSTM �k�]�_�g�_�j�b�j�h�\�Z�l�v �g�Z 
�h�k�g�h�\�_ �©�g�Z�q�Z�e�v�g�h�]�h �l�_�d�k�l�Z�ª �k�e�_�^�m�x�s�b�c �k�b�f�\�h�e�� 
�W�l�h�l �i�j�h�p�_�k�k �i�h�\�l�h�j�y�_�l�k�y �m�`�_ �^�e�y �k�]�_�g�_�j�b�j�h�\�Z�g�g�h�]�h 
�k�b�f�\�h�e�Z �\ �d�Z�q�_�k�l�\�_ �\�o�h�^�g�u�o �^�Z�g�g�u�o �^�e�y LSTM, �i�h�d�Z 
�g�_ �[�m�^�_�l �^�h�k�l�b�]�g�m�l �`�_�e�Z�_�f�u�c �j�Z�a�f�_�j �l�_�d�k�l�Z �b�e�b �g�_ 
�h�i�j�_�^�_�e�_�g�g�h�_ �m�k�e�h�\�b�_ �h�k�l�Z�g�h�\�d�b�� 

LSTM �f�h�`�_�l �[�u�l�v �[�h�e�_�_ �w�n�n�_�d�l�b�\�g�u�f �^�e�y 
�]�_�g�_�j�Z�p�b�b �^�e�b�g�g�u�o �l�_�d�k�l�h�\ �\ �k�j�Z�\�g�_�g�b�b �k RNN, �l�Z�d 
�d�Z�d �h�g �e�m�q�r�_ �k�i�j�Z�\�e�y�_�l�k�y �k �^�h�e�]�h�k�j�h�q�g�u�f�b 
�a�Z�\�b�k�b�f�h�k�l�y�f�b �f�_�`�^�m �w�e�_�f�_�g�l�Z�f�b 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� 

GRU (Gated Recurrent Unit) �± �w�l�h �_�s�_ �h�^�b�g 
�l�b�i �j�_�d�m�j�j�_�g�l�g�h�c �g�_�c�j�h�g�g�h�c �k�_�l�b�� �d�h�l�h�j�u�c �y�\�e�y�_�l�k�y 
�Z�e�v�l�_�j�g�Z�l�b�\�h�c LSTM. GRU �l�Z�d�`�_ �h�[�e�Z�^�Z�_�l 
�k�i�h�k�h�[�g�h�k�l�v�x �d �^�h�e�]�h�k�j�h�q�g�h�c �i�Z�f�y�l�b �b �f�h�`�_�l �[�u�l�v 
�b�k�i�h�e�v�a�h�\�Z�g �^�e�y �h�[�j�Z�[�h�l�d�b �b �]�_�g�_�j�Z�p�b�b �l�_�d�k�l�h�\�� �\ 
�d�h�l�h�j�u�o �i�j�b�k�m�l�k�l�\�m�x�l �^�h�e�]�h�k�j�h�q�g�u�_ �a�Z�\�b�k�b�f�h�k�l�b 
�f�_�`�^�m �w�e�_�f�_�g�l�Z�f�b �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� 

�:�j�o�b�l�_�d�l�m�j�Z GRU �h�l�e�b�q�Z�_�l�k�y �h�l LSTM �l�_�f�� 
�q�l�h �\�f�_�k�l�h �b�k�i�h�e�v�a�h�\�Z�g�b�y �l�j�_�o �j�Z�a�g�u�o �\�_�g�l�b�e�_�c 
(forget gate ���\�_�g�l�b�e�v �a�Z�[�u�\�Z�g�b�y���� input gate ���\�_�g�l�b�e�v 
�\�o�h�^�g�h�]�h �k�h�k�l�h�y�g�b�y���� output gate ���\�_�g�l�b�e�v �\�u�o�h�^�g�h�]�h 
�k�h�k�l�h�y�g�b�y���� GRU �b�k�i�h�e�v�a�m�_�l �l�h�e�v�d�h �^�\�Z �]�_�c�l�Z�� update 
gate �b reset gate. �< �b�l�h�]�_ GRU �b�f�_�_�l �f�_�g�v�r�_ 
�i�Z�j�Z�f�_�l�j�h�\�� �q�_�f LSTM ���\ GRU �g�_�l output gate), �q�l�h 
�^�_�e�Z�_�l GRU �[�h�e�_�_ �i�j�h�k�l�h�c �b �d�h�f�i�Z�d�l�g�h�c�� �q�_�f LSTM.  

�>�e�y �]�_�g�_�j�Z�p�b�b �l�_�d�k�l�Z �k �i�h�f�h�s�v�x GRU, 
�g�_�h�[�o�h�^�b�f�h �\�u�i�h�e�g�b�l�v �Z�g�Z�e�h�]�b�q�g�u�_ �r�Z�]�b�� �d�Z�d �b �\ 
�k�e�m�q�Z�_ �k LSTM: �i�h�^�]�h�l�h�\�d�Z �^�Z�g�g�u�o�� �h�[�j�Z�[�h�l�d�Z 
�^�Z�g�g�u�o�� �h�[�m�q�_�g�b�_ GRU, �]�_�g�_�j�Z�p�b�y �l�_�d�k�l�Z�� 

GRU �f�h�`�_�l �[�u�l�v �o�h�j�h�r�b�f �\�u�[�h�j�h�f �^�e�y 
�]�_�g�_�j�Z�p�b�b �l�_�d�k�l�h�\�� �h�k�h�[�_�g�g�h �d�h�]�^�Z �l�j�_�[�m�_�l�k�y 
�d�h�f�i�Z�d�l�g�Z�y �b �i�j�h�k�l�Z�y �Z�j�o�b�l�_�d�l�m�j�Z�� �H�^�g�Z�d�h�� �\ 
�g�_�d�h�l�h�j�u�o �k�e�m�q�Z�y�o�� GRU �f�h�`�_�l �b�f�_�l�v �l�j�m�^�g�h�k�l�b �k 
�]�_�g�_�j�Z�p�b�_�c �l�_�d�k�l�h�\�� �d�h�l�h�j�u�_ �l�j�_�[�m�x�l �]�e�m�[�h�d�h�]�h 
�i�h�g�b�f�Z�g�b�y �d�h�g�l�_�d�k�l�Z�� �w�f�h�p�b�h�g�Z�e�v�g�h�c 
�i�j�b�\�e�_�d�Z�l�_�e�v�g�h�k�l�b �b�e�b �l�\�h�j�q�_�k�d�h�]�h �i�h�^�o�h�^�Z��  

Sequence to sequence (Seq2Seq) �± �w�l�h 
�j�Z�a�g�h�\�b�^�g�h�k�l�v �f�h�^�_�e�b �f�Z�r�b�g�g�h�]�h �h�[�m�q�_�g�b�y�� �d�h�l�h�j�Z�y 
�i�j�b�g�b�f�Z�_�l �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�_ �^�Z�g�g�u�_ �\ �d�Z�q�_�k�l�\�_ 
�\�o�h�^�g�u�o �^�Z�g�g�u�o �b �l�Z�d�`�_ �]�_�g�_�j�b�j�m�_�l 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�_ �^�Z�g�g�u�_ �\ �d�Z�q�_�k�l�\�_ �\�u�o�h�^�g�u�o 

�^�Z�g�g�u�o�� �D�h�g�p�_�i�p�b�y �f�h�^�_�e�b Seq2Seq �[�u�e�Z 
�i�j�_�^�k�l�Z�\�e�_�g�Z �\ �k�l�Z�l�v�_ �©�I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�_ �h�[�m�q�_�g�b�_ �k 
�i�h�f�h�s�v�x �g�_�c�j�h�g�g�u�o �k�_�l�_�c�ª [4] �h�l Google. 
�:�j�o�b�l�_�d�l�m�j�Z�� �h�[�k�m�`�^�Z�_�f�Z�y �\ �w�l�h�c �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�c 
�k�l�Z�l�v�_�� �y�\�e�y�_�l�k�y �n�m�g�^�Z�f�_�g�l�Z�e�v�g�h�c �h�k�g�h�\�h�c �^�e�y �a�Z�^�Z�q 
�h�[�j�Z�[�h�l�d�b �_�k�l�_�k�l�\�_�g�g�h�]�h �y�a�u�d�Z�� �< �h�j�b�]�b�g�Z�e�v�g�h�c 
�k�l�Z�l�v�_ �k�e�h�y�f�b �k�_�l�b �y�\�e�y�e�b�k�v RNN �b LSTM [4], �a�Z�l�_�f 
�l�Z�d�`�_ �[�u�e�h �i�j�_�^�e�h�`�_�g�h �b�k�i�h�e�v�a�h�\�Z�l�v GRU �k�e�h�c [5]. 
�D�h�g�l�_�d�k�l�h�f �d�Z�`�^�h�]�h �\�o�h�^�Z�� �y�\�e�y�_�l�k�y �\�u�o�h�^ �k 
�i�j�_�^�u�^�m�s�_�]�h �f�h�f�_�g�l�Z �\�j�_�f�_�g�b�� 

�F�h�^�_�e�b Seq2Seq �y�\�e�y�x�l�k�y �f�h�^�_�e�y�f�b 
�w�g�d�h�^�_�j�Z-�^�_�d�h�^�_�j�Z�� �W�g�d�h�^�_�j �h�[�j�Z�[�Z�l�u�\�Z�_�l �\�o�h�^�g�m�x 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�v �b �i�j�_�h�[�j�Z�a�m�_�l �_�_ �\ 
�i�j�h�f�_�`�m�l�h�q�g�u�c �\�_�d�l�h�j�� �d�h�l�h�j�u�c �^�Z�_�l �k�l�Z�l�b�q�_�k�d�h�_ 
�i�j�_�^�k�l�Z�\�e�_�g�b�_ �a�Z�d�h�^�b�j�h�\�Z�g�g�h�]�h �i�j�_�^�e�h�`�_�g�b�y�� 
�>�_�d�h�^�_�j �b�k�i�h�e�v�a�m�_�l �i�j�h�f�_�`�m�l�h�q�g�u�c �\�_�d�l�h�j �^�e�y 
�]�_�g�_�j�Z�p�b�b �\�u�o�h�^�g�h�c �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �L�Z�d�b�f 
�h�[�j�Z�a�h�f�� �d�Z�`�^�Z�y �y�q�_�c�d�Z �y�\�e�y�_�l�k�y �k�e�h�_�f �g�_�c�j�h�g�g�h�c 
�k�_�l�b�� �m �d�h�l�h�j�h�]�h �_�k�l�v �k�\�h�b �\�_�k�Z�� �L�Z�d�Z�y �k�l�j�m�d�l�m�j�Z 
�i�h�a�\�h�e�y�_�l �h�[�j�Z�[�Z�l�u�\�Z�l�v �\�o�h�^�g�u�_ �b �\�u�o�h�^�g�u�_ 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �j�Z�a�g�h�c �^�e�b�g�u�� �q�l�h �^�_�e�Z�_�l �b�o 
�k�i�h�k�h�[�g�u�f�b �h�[�j�Z�[�Z�l�u�\�Z�l�v �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�_ 
�^�Z�g�g�u�_�� 

�>�e�y �k�h�a�^�Z�g�b�y �k�_�f�Z�g�l�b�q�_�k�d�b �k�\�y�a�Z�g�g�u�o 
�l�_�d�k�l�h�\ �l�Z�d�`�_ �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �]�_�g�_�j�Z�l�b�\�g�h-
�k�h�k�l�y�a�Z�l�_�e�v�g�u�_ �g�_�c�j�h�g�g�u�_ �k�_�l�b (GAN). GAN �k�h�k�l�h�b�l 
�b�a �^�\�m�o �d�h�f�i�h�g�_�g�l�h�\�� �]�_�g�_�j�Z�l�h�j�Z �b �^�b�k�d�j�b�f�b�g�Z�l�h�j�Z�� 
�=�_�g�_�j�Z�l�h�j �k�h�a�^�Z�z�l �h�[�j�Z�a�p�u �^�Z�g�g�u�o�� �Z �^�b�k�d�j�b�f�b�g�Z�l�h�j 
�h�p�_�g�b�\�Z�_�l �b�o �j�_�Z�e�b�k�l�b�q�g�h�k�l�v�� �P�_�e�v �l�Z�d�h�c �g�_�c�j�h�g�g�h�c 
�k�_�l�b �k�h�k�l�h�b�l �\ �k�h�a�^�Z�g�b�b �h�[�j�Z�a�p�h�\�� �d�h�l�h�j�u�_ 
�^�b�k�d�j�b�f�b�g�Z�l�h�j �g�_ �k�f�h�`�_�l �h�l�e�b�q�b�l�v �h�l �j�_�Z�e�v�g�u�o�� 

SeqGAN �[�u�e�Z �i�j�_�^�e�h�`�_�g�Z �\ 2016 �]�h�^�m [6]. �?�z 
�p�_�e�v �± �]�_�g�_�j�Z�p�b�y �d�h�j�h�l�d�b�o �k�_�f�Z�g�l�b�q�_�k�d�b �k�\�y�a�g�u�o 
�l�_�d�k�l�h�\�� �>�Z�g�g�Z�y �g�_�c�j�h�g�g�Z�y �k�_�l�v �y�\�e�y�_�l�k�y 
�f�h�^�b�n�b�d�Z�p�p�b�_�c �]�_�g�_�j�Z�l�b�\�g�h-�k�h�k�l�y�a�Z�l�_�e�v�g�h�c 
�g�_�c�j�h�g�g�h�c �k�_�l�b (GAN). 

�H�k�g�h�\�g�u�_ �b�a�f�_�g�_�g�b�y �\�d�e�x�q�Z�x�l 
�b�k�i�h�e�v�a�h�\�Z�g�b�_ �h�[�m�q�_�g�b�y �k �i�h�^�d�j�_�i�e�_�g�b�_�f �b 
�Z�e�]�h�j�b�l�f�Z �F�h�g�l�_-�D�Z�j�e�h�� �b�k�i�h�e�v�a�m�x�s�_�]�h�k�y �^�e�y 
�m�e�m�q�r�_�g�b�y �d�Z�q�_�k�l�\�Z �h�p�_�g�d�b �k�]�_�g�_�j�b�j�h�\�Z�g�g�h�]�h 
�l�_�d�k�l�Z�� �H�l�f�_�l�b�f�� �q�l�h SeqGAN �f�h�`�_�l �b�k�i�h�e�v�a�h�\�Z�l�v�k�y 
�[�_�a �b�k�i�h�e�v�a�h�\�Z�g�b�y �Z�e�]�h�j�b�l�f�Z �F�h�g�l�_-�D�Z�j�e�h�� 
�I�h�^�j�h�[�g�_�_ �f�h�`�g�h �i�j�h�q�b�l�Z�l�v �\ �k�l�Z�l�v�_ [9]. 

�I�j�h�p�_�k�k �h�[�m�q�_�g�b�y SeqGAN �k�h�k�l�h�b�l �b�a �l�j�z�o 
�w�l�Z�i�h�\�� 

1. �D�h�g�l�j�h�e�b�j�m�_�f�h�_ �i�j�_�^�\�Z�j�b�l�_�e�v�g�h�_ �h�[�m�q�_�g
�b�_ �]�_�g�_�j�Z�l�h�j�Z (maximum likelihood estimation, MLE). 

2. �I�j�_�^�\�Z�j�b�l�_�e�v�g�h�_ �h�[�m�q�_�g�b�_ �^�b�k�d�j�b�f�b�g�Z�l�h
�j�Z�� 

3. �H�[�m�q�_�g�b�_ �k �i�h�^�d�j�_�i�e�_�g�b�_�f �k �b�k�i�h�e�v�a�h�\�Z�g
�b�_�f �]�_�g�_�j�Z�l�b�\�g�h-�k�h�k�l�y�a�Z�l�_�e�v�g�h�c �k�_�l�b �^�e�y 
�^�b�g�Z�f�b�q�_�k�d�h�c �h�p�_�g�d�b �d�Z�q�_�k�l�\�Z �l�_�d�k�l�Z�� 

�J�_�a�m�e�v�l�Z�l�u�� �i�j�_�^�k�l�Z�\�e�_�g�g�u�_ �\ �k�l�Z�l�v�_ [7], 
�i�h�d�Z�a�u�\�Z�x�l�� �q�l�h �b�k�i�h�e�v�a�h�\�Z�g�b�_ SeqGAN �f�h�`�_�l 
�m�e�m�q�r�b�l�v �d�Z�q�_�k�l�\�h �]�_�g�_�j�Z�p�b�b �l�_�d�k�l�Z�� 

LeakGAN �± �w�l�h �]�_�g�_�j�Z�l�b�\�g�h-�k�h�k�l�y�a�Z�l�_�e�v�g�Z�y 
�k�_�l�v�� �d�h�l�h�j�Z�y �[�u�e�Z �i�j�_��̂e�h�`�_�g�Z �\ 2017 �]�h�^�m [7]. �?�z 
�p�_�e�v �± �k�h�a�^�Z�g�b�_ �h�l�g�h�k�b�l�_�e�v�g�h �^�e�b�g�g�u�o �l�_�d�k�l�h�\ �k 
�k�h�o�j�Z�g�_�g�b�_�f �k�_�f�Z�g�l�b�q�_�k�d�h�c �k�\�y�a�g�h�k�l�b ���[�h�e�_�_ 20 
�k�e�h�\���� LeakGAN �b�k�i�h�e�v�a�m�_�l �b�^�_�x �m�l�_�q�d�b �i�Z�f�y�l�b �b�a 
�^�b�k�d�j�b�f�b�g�Z�l�h�j�Z�� �q�l�h �i�h�a�\�h�e�y�_�l �m�e�m�q�r�b�l�v �d�Z�q�_�k�l�\�h 
�k�h�a�^�Z�\�Z�_�f�h�]�h �l�_�d�k�l�Z�� LeakGAN �h�[�t�_�^�b�g�y�_�l �b�^�_�b 
SeqGAN �b RankGAN, �q�l�h �^�_�e�Z�_�l �_�z �[�h�e�_�_ 
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�w�n�n�_�d�l�b�\�g�h�c �^�e�y �k�h�a�^�Z�g�b�y �k�\�y�a�Z�g�g�u�o �b 
�]�j�Z�f�f�Z�l�b�q�_�k�d�b �i�j�Z�\�b�e�v�g�u�o �i�j�_�^�e�h�`�_�g�b�c�� 

�J�_�a�m�e�v�l�Z�l�u [7] �i�h�d�Z�a�u�\�Z�x�l�� �q�l�h �i�h�^�o�h�^�u 
SeqGAN, RankGAN �b LeakGAN �i�h�a�\�h�e�y�x�l �m�e�m�q�r�b�l�v 
�d�Z�q�_�k�l�\�h �]�_�g�_�j�b�j�m�_�f�h�]�h �l�_�d�k�l�Z �i�h�k�e�_ �b�k�i�h�e�v�a�h�\�Z�g�b�y 
�i�j�_��̂\�Z�j�b�l�_�e�v�g�h�]�h �h�[�m�q�_�g�b�y �]�_�g�_�j�Z�l�h�j�Z �g�Z �h�k�g�h�\�_ 
MLE. �=�_�g�_�j�Z�l�b�\�g�h-�k�h�k�l�y�a�Z�l�_�e�v�g�Z�y �k�_�l�v RankGAN 
�]�_�g�_�j�b�j�m�_�l �[�h�e�_�_ �d�Z�q�_�k�l�\�_�g�g�u�c �j�_�a�m�e�v�l�Z�l�� �q�_�f 
SeqGAN, �g�h �m�k�l�m�i�Z�_�l �g�_�c�j�h�g�g�h�c �k�_�l�b LeakGAN. 

�L�Z�d�`�_ �j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �\�h�a�f�h�`�g�h�k�l�v 
�d�h�f�[�b�g�b�j�h�\�Z�g�b�y �j�Z�a�e�b�q�g�u�o �i�h�^�o�h�^�h�\ �^�e�y 
�^�h�k�l�b�`�_�g�b�y �e�m�q�r�b�o �j�_�a�m�e�v�l�Z�l�h�\�� �G�Z�i�j�b�f�_�j�� �f�h�`�g�h 
�b�k�i�h�e�v�a�h�\�Z�l�v Seq2Seq �k GRU �^�e�y �k�h�a�^�Z�g�b�y �d�h�j�h�l�d�b�o 
�l�_�d�k�l�h�\�� �Z �a�Z�l�_�f �b�k�i�h�e�v�a�h�\�Z�l�v LeakGAN �^�e�y �k�h�a�^�Z�g�b�y 
�^�e�b�g�g�u�o �l�_�d�k�l�h�\�� �<�u�[�h�j �i�h�^�o�h�^�Z �a�Z�\�b�k�b�l �h�l 
�d�h�g�d�j�_�l�g�h�c �a�Z�^�Z�q�b �b �l�j�_�[�h�\�Z�g�b�c �d �d�Z�q�_�k�l�\�m �l�_�d�k�l�Z�� 
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�k�h�p�b�Z�e�v�g�u�_�� �k�_�l�b�� �b�e�b�� �n�b�g�Z�g�k�h�\�u�c�� �k�_�d�l�h�j����
�h�j�]�Z�g�b�a�Z�p�b�y�f�� �i�j�b�o�h�^�b�l�k�y�� �j�_�r�Z�l�v�� �a�Z�^�Z�q�b�� �k��
�h�[�j�Z�[�h�l�d�h�c�� �h�]�j�h�f�g�u�o�� �h�[�t�_�f�h�\�� �b�g�n�h�j�f�Z�p�b�b���� �Q�l�h�[�u��
�[�u�l�v�� �]�h�l�h�\�u�f�� �d�� �l�Z�d�h�f�m�� �j�h�k�l�m�� �d�h�e�b�q�_�k�l�\�Z�� �^�Z�g�g�u�o��
�g�_�h�[�o�h�^�b�f�h�� �k�h�\�_�j�r�_�g�k�l�\�h�\�Z�l�v�� �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�u�_��
�\�u�q�b�k�e�b�l�_�e�v�g�u�_�� �k�b�k�l�_�f�u�� �k�i�h�k�h�[�g�u�_�� �h�[�j�Z�[�Z�l�u�\�Z�l�v��
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�b�g�n�h�j�f�Z�p�b�b �± �w�l�h�� �i�j�h�p�_�k�k�� �h�[�j�Z�[�h�l�d�b�� �\�o�h�^�g�h�]�h��
�f�Z�k�k�b�\�Z�� �^�Z�g�g�u�o���� �d�h�]�^�Z�� �i�j�h�b�k�o�h�^�b�l�� �Z�g�Z�e�b�a�� �g�Z�e�b�q�b�y��
�j�Z�a�e�b�q�g�u�o�� �l�_�f�Z�l�b�d�� �\�� �i�j�_�^�k�l�Z�\�e�_�g�g�h�f�� �l�_�d�k�l�_��
���d�h�l�h�j�u�c�� �g�Z�o�h�^�b�l�k�y�� �\�� �n�Z�c�e�_���� �>���@���� �W�l�Z�i�u��
�i�j�_�^�e�h�`�_�g�g�h�]�h���f�_�l�h�^�Z���b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�c���h�[�j�Z�[�h�l�d�b��
�\�o�h�^�g�h�]�h�� �n�Z�c�e�Z���� �k�h�^�_�j�`�Z�s�_�]�h�� �l�_�d�k�l�h�\�m�x��
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�f�Z�k�k�b�\ �i�h�e�m�q�_�g�g�u�o �j�m�[�j�b�d�� �i�h �d�h�l�h�j�u�f �f�h�`�g�h �[�m�^�_�l 
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�h�i�b�k�u�\�Z�_�l�� �j�_�Z�e�b�a�Z�p�b�x�� �i�j�h�p�_�k�k�Z�� �h�[�j�Z�[�h�l�d�b�� �i�h�l�h�d�Z��
�l�_�d�k�l�h�\�u�o���^�Z�g�g�u�o�����i�j�_�^�k�l�Z�\�e�_�g�u���g�Z���j�b�k�m�g�d�Z�o�������b������ 

�<�o�h�^�g�h�c���n�Z�c�e���i�_�j�_�^�Z�_�l�k�y���\���l�_�e�_��http �a�Z�i�j�h�k�Z����
�I�h�k�e�_���k�q�b�l�u�\�Z�g�b�y���a�Z�i�j�h�k�Z�����i�j�h�b�k�o�h�^�b�l���b�a�\�e�_�q�_�g�b�_���b��
�k�h�o�j�Z�g�_�g�b�_���n�Z�c�e�Z���\���i�Z�f�y�l�b���i�j�h�]�j�Z�f�f�u�� 

�>�Z�e�_�_���\�u�i�h�e�g�y�_�l�k�y���Z�g�Z�e�b�a���i�h�e�m�q�_�g�g�h�]�h���n�Z�c�e�Z��
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�i�Z�j�k�_�j�h�\�� �h�l�\�_�q�Z�_�l�� �a�Z�� �h�[�j�Z�[�h�l�d�m�� �n�Z�c�e�h�\���� �d�h�l�h�j�u�_��
�y�\�e�y�x�l�k�y�� �d�h�g�l�_�c�g�_�j�Z�f�b���� �Z�� �\�l�h�j�Z�y�� �]�j�m�i�i�Z���± �^�e�y�� �g�_��
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�>�e�y�� �d�h�j�j�_�d�l�g�h�c�� �j�Z�[�h�l�u�� �k�� �^�Z�g�g�u�f�� �k�h�^�_�j�`�b�f�u�f��
�g�_�h�[�o�h�^�b�f�h�� �h�q�b�k�l�b�l�v�� �_�]�h�� �h�l�� �l�_�]�h�\���� �d�h�l�h�j�u�_�� �g�_�� �b�f�_�x�l��
�k�f�u�k�e�Z���h�l�g�h�k�b�l�_�e�v�g�h���p�_�e�b���i�j�h�p�_�k�k�Z���h�[�j�Z�[�h�l�d�b�� 

 

 
�J�b�k�m�g�h�d 2 �± �B�g�l�_�e�e�_�d�l�m�Z�e�v�g�u�c �Z�e�]�h�j�b�l�f �h�[�j�Z�[�h�l�d�b �i�h�l�h�d�Z �^�Z�g�g�u�o ���g�Z�q�Z�e�h�� 
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�J�b�k�m�g�h�d 3 �± �B�g�l�_�e�e�_�d�l�m�Z�e�v�g�u�c �Z�e�]�h�j�b�l�f �h�[�j�Z�[�h�l�d�b �i�h�l�h�d�Z �^�Z�g�g�u�o ���h�d�h�g�q�Z�g�b�_�� 

�I�h�k�e�_���l�h�]�h�����d�Z�d���l�_�d�k�l�����d�h�l�h�j�u�c���[�u�e���i�h�e�m�q�_�g���b�a��
�n�Z�c�e�Z���� �[�u�e�� �f�h�^�_�j�g�b�a�b�j�h�\�Z�g�� �b�� �k�l�Z�e�� �d�h�g�l�_�g�l�h�f����
�i�j�h�b�k�o�h�^�b�l�� �Z�g�Z�e�b�a�� �^�e�y�� �i�h�e�m�q�_�g�b�y�� �\�o�h�`�^�_�g�b�c��
�_�k�l�_�k�l�\�_�g�g�u�o���y�a�u�d�h�\�����>�Z�g�g�Z�y���i�j�h�p�_�^�m�j�Z���h�k�g�h�\�Z�g�Z���g�Z������
�w�l�Z�i�Z�o�����I�_�j�\�u�c���w�l�Z�i���± �Z�g�Z�e�b�a���k�b�f�\�h�e�h�\���d�h�g�l�_�g�l�Z�����q�l�h�[�u��
�g�Z�c�l�b���]�e�Z�\�g�u�_���]�j�m�i�i�u���b�a���d�h�^�b�j�h�\�d�b��UTF�±�������G�_�d�h�l�h�j�u�_��
�]�j�m�i�i�u���h�^�g�h�a�g�Z�q�g�h���k�\�y�a�Z�g�u �k�h���k�\�h�b�f�� �y�a�u�d�h�f���� �l�Z�d�� �d�Z�d��
�h�g�b���b���y�\�e�y�x�l�k�y���h�k�g�h�\�h�c���^�e�y���^�Z�g�g�h�]�h���y�a�u�d�Z�����G�Z�i�j�b�f�_�j����
�k�b�f�\�h�e�u�� �b�a�� �]�j�m�i�i�u��GREEK ���]�j�_�q�_�k�d�b�_�� �k�b�f�\�h�e�u����
�i�j�_�^�k�l�Z�\�e�y�x�l���k�h�[�h�c���[�Z�a�b�k���^�e�y���]�j�_�q�_�k�d�h�]�h���Z�e�n�Z�\�b�l�Z���>���@����
�B���b�f�_�g�g�h���h�g�b���h�^�g�h�a�g�Z�q�g�h���m�d�Z�a�u�\�Z�x�l���g�Z���l�h�����q�l�h���^�Z�g�g�u�c��
�y�a�u�d�� �i�j�b�k�m�l�k�l�\�m�_�l�� �\�� �l�_�d�k�l�_�����G�h�� �[�u�\�Z�x�l�� �]�j�m�i�i�u����
�d�h�l�h�j�u�_���g�_���k�\�y�a�Z�g�u���k���d�h�g�d�j�_�l�g�u�f�� �y�a�u�d�h�f���� �G�Z�i�j�b�f�_�j, 
�]�j�m�i�i�Z���e�Z�l�b�g�k�d�b�o���k�b�f�\�h�e�h�\���g�_���^�Z�_�l���l�Z�d�h�c���d�h�g�d�j�_�l�b�d�b����
�E�Z�l�b�g�k�d�Z�y�� �]�j�m�i�i�Z�� �e�b�r�v�� �d�h�k�\�_�g�g�h�� �f�h�`�_�l�� �m�d�Z�a�Z�l�v�� �g�Z��
�k�i�b�k�h�d�� �b�a�� �i�j�_�h�[�e�Z�^�Z�x�s�b�o�� �y�a�u�d�h�\���� �K�m�s�_�k�l�\�m�_�l��
�f�g�h�`�_�k�l�\�h�� �y�a�u�d�h�\���� �Z�e�n�Z�\�b�l�u�� �d�h�l�h�j�u�o�� �b�k�i�h�e�v�a�m�x�l 
�e�Z�l�b�g�k�d�b�_���k�b�f�\�h�e�u���d�Z�d���h�k�g�h�\�g�u�_���i�j�b���i�b�k�v�f�_�����I�h�w�l�h�f�m��
�h�l�g�h�k�b�l�_�e�v�g�h�� �^�Z�g�g�h�c�� �]�j�m�i�i�u�� �g�_�e�v�a�y�� �h�^�g�h�a�g�Z�q�g�h��
�k�^�_�e�Z�l�v���\�u�\�h�^���h���l�h�f�����d�Z�d�h�c���b�f�_�g�g�h���y�a�u�d���i�j�b�k�m�l�k�l�\�m�_�l���\��
�l�_�d�k�l�_���� �G�Z�� �\�l�h�j�h�f�� �w�l�Z�i�_�� �\�u�[�b�j�Z�x�l�k�y�� �k�b�f�\�h�e�u�� �]�j�m�i�i����
�d�h�l�h�j�u�_�� �g�_�� �^�Z�x�l�� �h�^�g�h�a�g�Z�q�g�h�k�l�b�� ���g�Z�i�j�b�f�_�j���� �e�Z�l�b�g�b�p�Z��
�b�e�b���d�b�j�b�e�e�b�p�Z�����b���b�a���g�b�o���n�h�j�f�b�j�m�_�l�k�y���h�l�^�_�e�v�g�u�c���l�_�d�k�l����
�W�l�h���^�_�e�Z�_�l�k�y���^�e�y���l�h�]�h�����q�l�h�[�u���b�k�d�e�x�q�b�l�v���^�j�m�]�b�_���]�j�m�i�i�u��
�k�b�f�\�h�e�h�\���� �<�� �b�l�h�]�_�� �i�h�e�m�q�Z�_�l�k�y �l�_�d�k�l���� �\�g�m�l�j�b�� �d�h�l�h�j�h�]�h��
�k�b�f�\�h�e�u�� �l�h�e�v�d�h�� �h�^�g�h�c�� �]�j�m�i�i�u�� ���g�Z�i�j�b�f�_�j���� �e�Z�l�b�g�b�p�Z������
�?�k�e�b�� �\�� �l�_�d�k�l�_�� �i�j�b�k�m�l�k�l�\�m�x�l�� �k�b�f�\�h�e�v�g�u�_�� �]�j�m�i�i�u����
�d�h�l�h�j�u�_ �h�^�g�h�a�g�Z�q�g�h�� �m�d�Z�a�u�\�Z�x�l�� �g�Z�� �i�j�b�g�Z�^�e�_�`�g�h�k�l�v�� �d��
�d�h�g�d�j�_�l�g�h�f�m���Z�e�n�Z�\�b�l�m�����l�h���h�g�b���f�b�g�m�x�l���l�j�_�l�v�x���k�l�Z�^�b�x��
�\���h�i�j�_�^�_�e�b�l�_�e�_���y�a�u�d�Z�����L�Z�d�b�_���]�j�m�i�i�u���i�h�a�\�h�e�y�x�l���a�Z�j�Z�g�_�_��

�k�^�_�e�Z�l�v���\�u�\�h�^���h���g�Z�e�b�q�b�_���l�h�]�h���b�e�b���b�g�h�]�h���y�a�u�d�Z���\���l�_�d�k�l�_. 
�B�� �i�h�w�l�h�f�m�� �w�l�Z�� �a�Z�i�b�k�v�� �k�� �y�a�u�d�h�f �i�h�i�Z�^�Z�_�l�� �\��
�j�_�a�m�e�v�l�b�j�m�x�s�b�c���k�i�b�k�h�d�� �>�e�y�� �\�u�i�h�e�g�_�g�b�y�� �l�j�_�l�v�_�]�h��
�w�l�Z�i�Z�� �i�_�j�_�^�Z�x�l�k�y�� �l�_�d�k�l�u�� �b�a�� �k�b�f�\�h�e�v�g�u�o�� �]�j�m�i�i����
�d�h�l�h�j�u�_�� �g�_�� �h�[�e�Z�^�Z�x�l�� �k�b�e�v�g�h�c�� �k�\�y�a�v�x�� �k�� �d�Z�d�b�f�±�e�b�[�h��
�d�h�g�d�j�_�l�g�u�f�� �Z�e�n�Z�\�b�l�h�f���� �>�e�y�� �d�Z�`�^�h�]�h�� �l�_�d�k�l�Z��
�i�j�h�b�k�o�h�^�b�l���Z�g�Z�e�b�a�����d�h�l�h�j�u�c���g�Z�o�h�^�b�l��n�±�]�j�Z�f�f�u���k�e�h�\���b��
�i�h�^�k�q�b�l�u�\�Z�_�l�k�y�� �d�h�w�n�n�b�p�b�_�g�l��TF�±IDF [7]. �H�g��
�g�_�h�[�o�h�^�b�f�� �^�e�y�� �i�h�e�m�q�_�g�b�y�� �k�i�_�p�b�Z�e�v�g�h�]�h�� �q�b�k�e�h�\�h�]�h��
�a�g�Z�q�_�g�b�y���� �d�h�l�h�j�h�_�� �h�l�j�Z�`�Z�_�l���� �g�Z�k�d�h�e�v�d�h�� �q�Z�k�l�h��
�\�k�l�j�_�q�Z�_�l�k�y�� �l�h�l�� �b�e�b�� �b�g�h�c�� �l�_�j�f�� �\�� �l�_�d�k�l�_���� �H�i�j�_�^�_�e�_�g�b�_��
�y�a�u�d�Z�� �k�l�j�h�b�l�k�y�� �g�Z�� �k�l�Z�l�b�k�l�b�q�_�k�d�h�f�� �i�h�^�o�h�^�_���� �d�h�]�^�Z��
�h�i�j�_�^�_�e�y�x�l�k�y���a�g�Z�q�_�g�b�y���q�Z�k�l�h�l���l�_�j�f�h�\���b���k�j�Z�\�g�b�\�Z�x�l�k�y��
�k�� �m�`�_�� �k�h�o�j�Z�g�_�g�g�u�f�b�� �a�g�Z�q�_�g�b�y�f�b���� �<�� �o�h�^�_�� �Z�g�Z�e�b�a�Z��
�i�j�h�b�k�o�h�^�b�l�� �\�u�y�\�e�_�g�b�_�� �f�b�g�b�f�Z�e�v�g�h�]�h�� �h�l�d�e�h�g�_�g�b�y��
�l�_�k�l�b�j�m�_�f�h�]�h�� �a�g�Z�q�_�g�b�y�� �Q�±�]�j�Z�f�f�g�h�c�� �k�l�Z�l�b�k�l�b�d�b�� �k�� �_�_��
�a�Z�^�Z�g�g�h�c�� �\�_�e�b�q�b�g�h�c�� �>���@���� �I�h�k�e�_�� �w�l�h�]�h�� �y�a�u�d�h�f��
�h�[�j�Z�[�Z�l�u�\�Z�_�f�h�]�h�� �l�_�d�k�l�Z�� �k�q�b�l�Z�_�l�k�y�� �y�a�u�d���� �\�_�e�b�q�b�g�Z��
�h�l�d�e�h�g�_�g�b�y���d�h�l�h�j�h�]�h���f�_�g�v�r�_�����q�_�f���a�Z�^�Z�g�g�Z�y���k�l�Z�l�b�k�l�b�d�Z����
�<�k�_�� �h�i�j�_�^�_�e�_�g�g�u�_�� �y�a�u�d�b�� �k�\�h�^�y�l�k�y�� �\�� �h�^�b�g�� �k�i�b�k�h�d����
�d�h�l�h�j�u�c�� �[�m�^�_�l�� �b�k�i�h�e�v�a�h�\�Z�l�v�k�y�� �i�j�b�� �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�u�o��
�i�h�b�k�d�h�\�u�o���a�Z�i�j�h�k�Z�o���>���@�� 

�>�Z�e�_�_�� �\�u�i�h�e�g�y�_�l�k�y�� �k�h�a�^�Z�g�b�_�� �i�h�b�k�d�h�\�h�]�h��
�b�g�\�_�j�l�b�j�h�\�Z�g�g�h�]�h�� �b�g�^�_�d�k�Z���� �d�h�l�h�j�u�c�� �i�j�_�^�k�l�Z�\�e�y�_�l��
�k�h�[�h�c�� �k�i�_�p�b�Z�e�v�g�m�x�� �k�l�j�m�d�l�m�j�m�� �^�Z�g�g�u�o�� �^�e�y�� �o�j�Z�g�_�g�b�y��
�l�_�j�f�h�\�� �b�a�� �l�_�d�k�l�Z���� �I�j�b�� �w�l�h�f�� �k�h�o�j�Z�g�y�_�l�k�y�� �k�\�y�a�v�� �f�_�`�^�m��
�k�e�h�\�h�f���b�a���l�_�d�k�l�Z���b���^�h�d�m�f�_�g�l�h�f�����>�e�y���d�Z�`�^�h�]�h���k�e�h�\�Z���b�a��
�d�h�e�e�_�d�p�b�b���l�_�d�k�l�h�\���k�l�Z�\�b�l�k�y���\���k�h�h�l�\�_�l�k�l�\�b�_���k�i�b�k�h�d���\�k�_�o��
�^�h�d�m�f�_�g�l�h�\���� �\�� �d�h�l�h�j�u�o�� �^�Z�g�g�u�c�� �l�_�j�f�� �\�k�l�j�_�q�Z�e�k�y���� �W�l�Z��
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�k�l�j�m�d�l�m�j�Z���i�j�_�^�h�k�l�Z�\�e�y�_�l���[�u�k�l�j�u�c���^�h�k�l�m�i���d���^�h�d�m�f�_�g�l�Z�f��
�i�h���k�h�h�l�\�_�l�k�l�\�m�x�s�b�f���l�_�j�f�Z�f���� 

�I�h�k�e�_�� �n�h�j�f�b�j�h�\�Z�g�b�y�� �b�g�^�_�d�k�Z�� �i�j�h�b�k�o�h�^�b�l��
�i�h�b�k�d�� �r�Z�[�e�h�g�h�\���� �I�j�b�� �i�h�b�k�d�_�� �r�Z�[�e�h�g�Z���� �b�k�o�h�^�y�� �b�a��
�k�h�o�j�Z�g�_�g�g�h�]�h�� �h�i�_�j�Z�l�h�j�Z���� �k�h�k�l�Z�\�e�y�_�l�k�y�� �a�Z�i�j�h�k�� �\�g�m�l�j�b��
�k�i�_�p�b�Z�e�v�g�h�]�h�� �Z�g�Z�e�b�a�Z�l�h�j�Z�� �a�Z�i�j�h�k�h�\���� �?�]�h�� �a�Z�^�Z�q�Z��
�i�j�h�b�a�\�_�k�l�b�� �Z�g�Z�e�b�a�� �i�_�j�_�^�Z�g�g�h�c���k�l�j�h�d�b���� �Z�� �l�Z�d�`�_��
�k�n�h�j�f�b�j�h�\�Z�l�v���g�_�h�[�o�h�^�b�f�u�c���a�Z�i�j�h�k���d���b�g�^�_�d�k�m�����D�Z�`�^�u�c��
�l�Z�d�h�c�� �a�Z�i�j�h�k�� �b�f�_�_�l�� �k�\�h�c�� �l�b�i�� �b�� �i�Z�j�Z�f�_�l�j�u���� �d�h�l�h�j�u�_��
�h�i�j�_�^�_�e�y�x�l�� �_�]�h�� �g�Z�a�g�Z�q�_�g�b�_���� �I�j�b�� �k�h�a�^�Z�g�b�b�� �a�Z�i�j�h�k�Z��
�Z�g�Z�e�b�a�b�j�m�x�l�k�y���\�k�_���h�k�h�[�_�g�g�h�k�l�b���i�_�j�_�^�Z�g�g�h�c���k�l�j�h�d�b���g�Z��
�g�Z�e�b�q�b�_�� �h�i�_�j�Z�l�h�j�h�\���� �h�l�j�Z�`�Z�x�s�b�o�� �l�b�i�� �a�Z�i�j�h�k�Z���� �<��
�^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �i�h�^�� �h�i�_�j�Z�l�h�j�Z�f�b�� �i�h�g�b�f�Z�x�l�k�y��
�k�i�_�p�b�Z�e�v�g�u�_���k�b�f�\�h�e�u�����d�h�l�h�j�u�_���y�\�g�h���m�d�Z�a�u�\�Z�x�l���g�Z���l�h����
�d�Z�d�h�c���f�_�o�Z�g�b�a�f���i�h�b�k�d�Z���[�m�^�_�l���i�j�b�f�_�g�_�g���^�e�y���a�Z�^�Z�g�g�h�]�h��
�r�Z�[�e�h�g�Z�����>�e�y���h�[�j�Z�[�h�l�d�b���r�Z�[�e�h�g�h�\���\�g�m�l�j�b���i�_�j�_�^�Z�g�g�h�c��
�k�l�j�h�d�b�� �\�� �h�[�j�Z�[�h�l�q�b�d�� �a�Z�i�j�h�k�h�\�� �i�j�b�f�_�g�y�_�l�k�y�� �y�a�u�d�h�\�h�c��
�Z�g�Z�e�b�a�Z�l�h�j�� �^�e�y�� �j�Z�[�h�l�u�� �k�� �l�_�d�k�l�h�\�u�f�b�� �^�Z�g�g�u�f�b����
�Y�a�u�d�h�\�h�c�� �Z�g�Z�e�b�a�Z�l�h�j�� �\�u�i�h�e�g�y�_�l�� �n�m�g�d�p�b�x�� �j�Z�a�f�_�l�d�b��
�a�Z�i�j�h�k�Z�� �^�e�y�� �Z�g�Z�e�b�a�Z�� �\�o�h�^�g�h�c�� �k�l�j�h�d�b���� �K�h�a�^�Z�g�g�u�c��

�i�h�b�k�d�h�\�u�c���b�g�^�_�d�k �k�h�o�j�Z�g�y�_�l�k�y���\���h�i�_�j�Z�l�b�\�g�m�x���i�Z�f�y�l�v����
�<�o�h�^�g�Z�y�� �k�l�j�h�d�Z���r�Z�[�e�h�g�Z�� �i�j�_�h�[�j�Z�a�m�_�l�k�y�� �\�� �d�h�g�_�q�g�m�x��
�i�h�b�k�d�h�\�m�x�� �k�l�j�h�d�m�� �i�h�k�j�_�^�k�l�\�h�f���a�Z�f�_�g�u�� �a�g�Z�d�h�\��
�i�j�_�i�b�g�Z�g�b�y�� �g�Z�� �j�Z�a�^�_�e�b�l�_�e�v�� ���\�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �i�j�h�[�_�e������
�I�h�k�e�_�� �h�[�j�Z�[�h�l�d�b�� �a�Z�^�Z�q�� �n�h�j�f�b�j�m�_�l�k�y�� �k�l�Z�l�b�k�l�b�d�Z�� �i�h��
�g�Z�c�^�_�g�g�u�f�� �r�Z�[�e�h�g�Z�f���� �W�l�Z�� �b�g�n�h�j�f�Z�p�b�y�� �h�l�j�Z�`�Z�_�l��
�j�_�a�m�e�v�l�Z�l�� �h�[�j�Z�[�h�l�d�b�� �\�o�h�^�g�h�]�h�� �n�Z�c�e�Z���� �:�� �b�f�_�g�g�h����
�k�i�b�k�h�d�� �k�\�y�a�_�c�� �b�a�� �g�Z�c�^�_�g�g�u�o�� �r�Z�[�e�h�g�h�\�� ���Z�� �l�Z�d�`�_��
�y�a�u�d�h�\���b���j�m�[�j�b�d�����>�����@�� 

�J�_�a�m�e�v�l�Z�l�� �h�[�j�Z�[�h�l�d�b�� �i�h�� �g�_�d�h�l�h�j�h�f�m��
�\�o�h�^�g�h�f�m�� �n�Z�c�e�m�� �\�u�\�h�^�b�l�k�y�� �g�Z�� �w�d�j�Z�g�� �\�� �\�b�^�_�� �k�i�b�k�d�Z����
�g�Z�c�^�_�g�g�u�_�� �r�Z�[�e�h�g�u�� ���b�� �i�h�a�b�p�b�c�� �\�� �l�_�d�k�l�_������ �j�m�[�j�b�d�b����
�y�a�u�d�b���� �<�u�\�h�^�� �j�_�a�m�e�v�l�Z�l�Z�� �h�[�j�Z�[�h�l�d�b�� �h�k�m�s�_�k�l�\�e�y�_�l�k�y��
�i�h�k�e�_���h�[�j�Z�[�h�l�d�b���h�^�g�h�c���i�h�j�p�b�b���\�o�h�^�g�u�o���^�Z�g�g�u�o���� 

�>�e�y�� �m�k�d�h�j�_�g�b�y �i�j�h�p�_�k�k�Z�� �Z�g�Z�e�b�a�Z�� �\�o�h�^�g�u�o��
�a�Z�^�Z�g�b�c�� �i�j�b�f�_�g�y�_�l�k�y�� �Z�j�o�b�l�_�d�l�m�j�Z�� �i�j�h�]�j�Z�f�f�u�� �k��
�f�g�h�]�h�i�h�l�h�q�g�h�c�� �h�[�j�Z�[�h�l�d�h�c���� �d�h�l�h�j�Z�y�� �i�h�d�Z�a�Z�g�Z�� �g�Z��
�j�b�k�m�g�d�_������ 

 

 
�J�b�k�m�g�h�d 4 �± �:�g�Z�e�b�a �i�h�l�h�d�Z �a�Z�i�j�h�k�h�\ 

�<�� �^�Z�g�g�h�f�� �k�e�m�q�Z�_�� �i�h��Thread 1, Thread ���� �b��
Thread n �i�h�g�b�f�Z�x�l�k�y�� �i�h�l�h�d�b�� �i�j�h�]�j�Z�f�f�u����Handler �± 
�k�m�s�g�h�k�l�v�����d�h�l�h�j�Z�y���h�l�\�_�q�Z�_�l���a�Z���h�j�]�Z�g�b�a�Z�p�b�x���i�h�l�h�d�h�\��
���k�h�a�^�Z�g�b�_���� �m�^�Z�e�_�g�b�_�� �b�� �l���^������Http server �± �k�m�s�g�h�k�l�v����
�d�h�l�h�j�Z�y���i�j�b�g�b�f�Z�_�l��http �a�Z�i�j�h�k�u����Request 1, Request 2, 
Request n�����h�l���d�e�b�_�g�l�h�\�� 

�I�j�b�� �b�k�i�h�e�v�a�h�\�Z�g�b�b�� �f�g�h�]�h�i�h�l�h�q�g�h�c��
�h�[�j�Z�[�h�l�d�b���k���i�j�b�f�_�g�_�g�b�_�f���b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�]�h���f�_�l�h�^�Z��
�b�� �Z�e�]�h�j�b�l�f�Z�� �h�[�j�Z�[�h�l�d�b���� �m�^�Z�_�l�k�y�� �^�h�k�l�b�q�v��

�a�g�Z�q�b�l�_�e�v�g�h�]�h�� �m�\�_�e�b�q�_�g�b�y�� �k�d�h�j�h�k�l�b�� �h�[�j�Z�[�h�l�d�b����
�<�u�b�]�j�u�r���k�h�k�l�Z�\�e�y�_�l���\���k�j�_�^�g�_�f���i�h�j�y�^�d�Z������ �������q�l�h�����\��
�k�\�h�x�� �h�q�_�j�_�^�v���� �i�j�b�\�h�^�b�l�� �d�� �m�\�_�e�b�q�_�g�b�x�� �i�j�h�i�m�k�d�g�h�c��
�k�i�h�k�h�[�g�h�k�l�b���k�b�k�l�_�f�u�� 

�>�Z�g�g�u�_���� �i�j�_�^�k�l�Z�\�e�_�g�g�u�_�� �g�Z�� �j�b�k�m�g�d�_�� ������
�g�Z�]�e�y�^�g�h�� �^�_�f�h�g�k�l�j�b�j�m�x�l�� �w�n�n�_�d�l�b�\�g�h�k�l�v��
�f�g�h�]�h�i�h�l�h�q�g�h�c�� �h�[�j�Z�[�h�l�d�b�� �i�h�� �k�j�Z�\�g�_�g�b�x�� �k��
�h�^�g�h�i�h�l�h�q�g�h�c�� 

 
�J�b�k�m�g�h�d 5 �± �K�j�Z�\�g�_�g�b�_ �h�^�g�h�i�h�l�h�q�g�h�c (single) �b �f�g�h�]�h�i�h�l�h�q�g�h�c (multi) �j�Z�[�h�l�u  
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�d���l�_�o���g�������^�h�p�_�g�l���d�Z�n�_�^�j�u���i�j�h�]�j�Z�f�f�g�h�]�h���h�[�_�k�i�_�q�_�g�b�y���b 

�Z�^�f�b�g�b�k�l�j�b�j�h�\�Z�g�b�y���b�g�n�h�j�f�Z�p�b�h�g�g�u�o���k�b�k�l�_�f 
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E-mail: tabeld@yandex.ru 

 
�< �j�Z�[�h�l�_ �j�Z�k�k�f�h�l�j�_�g �i�j�h�p�_�k�k �n�h�j�f�b�j�h�\�Z�g�b�y �^�Z�l�Z�k�_�l�Z �^�e�y �k�b�k�l�_�f�u �g�Z �h�k�g�h�\�_ 

�f�Z�r�b�g�g�h�]�h �h�[�m�q�_�g�b�y�� �i�j�_�^�g�Z�a�g�Z�q�_�g�g�h�c �^�e�y �^�b�Z�]�g�h�k�l�b�d�b �a�Z�[�h�e�_�\�Z�g�b�c �i�h�q�_�d�� �I�h�^�j�h�[�g�h 
�h�i�b�k�Z�g�u �d�e�x�q�_�\�u�_ �w�l�Z�i�u �k�h�a�^�Z�g�b�y �l�Z�d�h�]�h �^�Z�l�Z�k�_�l�Z�� �\�d�e�x�q�Z�y �k�[�h�j �^�Z�g�g�u�o �b�a �j�Z�a�e�b�q�g�u�o 
�b�k�l�h�q�g�b�d�h�\�� �i�j�_�^�h�[�j�Z�[�h�l�d�m �^�Z�g�g�u�o ���h�q�b�k�l�d�Z�� �i�j�_�^�h�[�j�Z�[�h�l�d�Z�� �g�h�j�f�Z�e�b�a�Z�p�b�y�� 
�Z�m�]�f�_�g�l�Z�p�b�y���� �\�u�[�h�j �i�j�b�a�g�Z�d�h�\�� �H�k�h�[�h�_ �\�g�b�f�Z�g�b�_ �m�^�_�e�_�g�h �\�h�i�j�h�k�Z�f �h�[�_�k�i�_�q�_�g�b�y �d�Z�q�_�k�l�\�Z 
�^�Z�g�g�u�o�� �[�Z�e�Z�g�k�b�j�h�\�d�b �d�e�Z�k�k�h�\ �b �a�Z�s�b�l�u �d�h�g�n�b�^�_�g�p�b�Z�e�v�g�h�c �b�g�n�h�j�f�Z�p�b�b �i�Z�p�b�_�g�l�h�\�� 

 
�D�e�x�q�_�\�u�_ �k�e�h�\�Z�� �h�i�m�o�h�e�b �i�h�q�_�d�� �g�Z�[�h�j �^�Z�g�g�u�o�� �b�k�d�m�k�k�l�\�_�g�g�u�c �b�g�l�_�e�e�_�d�l�� 

�f�Z�r�b�g�g�h�_ �h�[�m�q�_�g�b�_�� �i�h�q�_�q�g�h-�d�e�_�l�h�q�g�u�c �j�Z�d 
 

�D�h�f�i�v�x�l�_�j�g�Z�y �l�h�f�h�]�j�Z�n�b�y ���D�L�� �y�\�e�y�_�l�k�y 
�k�l�Z�g�^�Z�j�l�g�u�f �f�_�l�h�^�h�f �^�b�Z�]�g�h�k�l�b�d�b �i�h�q�_�q�g�h-
�d�e�_�l�h�q�g�h�]�h �j�Z�d�Z ���I�D�J���� �D�L �i�h�f�h�]�Z�_�l 
�\�b�a�m�Z�e�b�a�b�j�h�\�Z�l�v �b�a�f�_�g�_�g�b�y�� �i�j�h�b�k�o�h�^�y�s�b�_ �\ �i�h�q�d�Z�o�� 
�h�i�j�_�^�_�e�b�l�v �f�_�k�l�h�i�h�e�h�`�_�g�b�_�� �j�Z�a�f�_�j �b �d�h�e�b�q�_�k�l�\�h 
�a�e�h�d�Z�q�_�k�l�\�_�g�g�u�o �b �^�h�[�j�h�d�Z�q�_�k�l�\�_�g�g�u�o �h�[�j�Z�a�h�\�Z�g�b�c�� 
�b�o �j�Z�k�i�h�e�h�`�_�g�b�_ �h�l�g�h�k�b�l�_�e�v�g�h �\�g�m�l�j�b�i�h�q�_�q�g�u�o 
�k�l�j�m�d�l�m�j �b �h�d�j�m�`�Z�x�s�b�o �h�j�]�Z�g�h�\�� �h�[�g�Z�j�m�`�b�l�v �b 
�h�i�b�k�Z�l�v �h�k�h�[�_�g�g�h�k�l�b �h�i�m�o�h�e�_�\�u�o �\�_�g�h�a�g�u�o �l�j�h�f�[�h�\�� 
�h�p�_�g�b�l�v �k�h�k�l�h�y�g�b�_ �j�_�]�b�h�g�Z�e�v�g�u�o �a�h�g 
�f�_�l�Z�k�l�Z�a�b�j�h�\�Z�g�b�y �b �\�u�y�\�b�l�v �f�_�l�Z�k�l�Z�l�b�q�_�k�d�h�_ 
�i�h�j�Z�`�_�g�b�_ �h�j�]�Z�g�h�\ �[�j�x�r�g�h�c �i�h�e�h�k�l�b��  

�D�L-�b�k�k�e�_�^�h�\�Z�g�b�y �\ �^�b�Z�]�g�h�k�l�b�d�_ �a�Z�[�h�e�_�\�Z�g�b�c 
�i�h�q�_�d �b�f�_�x�l �m�j�h�\�_�g�v �m�[�_�^�b�l�_�e�v�g�h�k�l�b �j�_�d�h�f�_�g�^�Z�p�b�c 
�©�:�ª ���m�j�h�\�_�g�v �^�h�k�l�h�\�_�j�g�h�k�l�b �^�h�d�Z�a�Z�l�_�e�v�k�l�\ �Å 1) [1]. 
�I�h�^�h�[�g�h�_ �h�i�j�_�^�_�e�_�g�b�_ �m�j�h�\�g�y �^�h�\�_�j�b�y �i�h�a�\�h�e�y�_�l 
�b�k�i�h�e�v�a�h�\�Z�l�v �^�Z�g�g�u�c �f�_�l�h�^ �^�b�Z�]�g�h�k�l�b�d�b �d�Z�d �h�^�b�g �b�a 
�h�k�g�h�\�g�u�o �i�j�b �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�b�b �a�Z�[�h�e�_�\�Z�g�b�c 
�i�h�q�_�d��  

�E�x�[�u�_ �h�[�j�Z�a�h�\�Z�g�b�y �i�h�q�_�d �q�Z�s�_ �\�k�_�]�h 
�h�[�g�Z�j�m�`�b�\�Z�x�l �k�e�m�q�Z�c�g�u�f �h�[�j�Z�a�h�f �\�h �\�j�_�f�y 
�h�[�k�e�_�^�h�\�Z�g�b�y �h�j�]�Z�g�h�\ �[�j�x�r�g�h�c �i�h�e�h�k�l�b �b�e�b 
�i�h�a�\�h�g�h�q�g�b�d�Z �k �i�h�f�h�s�v�x �D�L�� �m�e�v�l�j�Z�a�\�m�d�h�\�h�]�h 
�b�k�k�e�_�^�h�\�Z�g�b�y ���M�A�B�� �b�e�b �f�Z�]�g�b�l�g�h-�j�_�a�b�k�l�_�g�l�g�h�c 
�l�h�f�h�]�j�Z�f�f ���F�J�L���� �< �i�h�k�e�_�^�g�_�_ �\�j�_�f�y �f�_�l�h�^�u 
�e�m�q�_�\�h�c �^�b�Z�]�g�h�k�l�b�d�b �k�h�\�_�j�r�_�g�k�l�\�m�x�l�k�y�� �q�l�h 
�m�e�m�q�r�Z�_�l �i�h�d�Z�a�Z�l�_�e�b �\�u�y�\�e�_�g�b�y �b �e�_�q�_�g�b�y �j�Z�d�Z 
�i�h�q�d�b�� �G�Z �j�Z�g�g�b�o �k�l�Z�^�b�y�o �I�D�J �h�[�u�q�g�h �i�j�h�l�_�d�Z�_�l �[�_�a 
�k�b�f�i�l�h�f�h�\�� �\�k�e�_�^�k�l�\�b�_ �q�_�]�h �[�h�e�_�_ 50 % �k�e�m�q�Z�_�\ �j�Z�d�Z 
�\�u�y�\�e�_�g�h �k�e�m�q�Z�c�g�h�� �Z �m 25�±30 % �i�Z�p�b�_�g�l�h�\ �g�Z 

�f�h�f�_�g�l �i�h�k�l�Z�g�h�\�d�b �^�b�Z�]�g�h�a�Z �h�[�g�Z�j�m�`�b�\�Z�x�l�k�y 
�f�_�l�Z�k�l�Z�a�u [2]. 

�>�e�y �j�Z�a�\�b�l�b�y �w�n�n�_�d�l�b�\�g�h�c �k�l�j�Z�l�_�]�b�b �j�Z�g�g�_�c 
�^�b�Z�]�g�h�k�l�b�d�b �b �\�u�y�\�e�_�g�b�y �h�i�m�o�h�e�_�c �g�_�h�[�o�h�^�b�f�h 
�m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�l�v �k�b�k�l�_�f�u �i�j�_�^�h�i�_�j�Z�p�b�h�g�g�h�c 
�^�b�Z�]�g�h�k�l�b�d�b �k �\�g�_�^�j�_�g�b�_�f �k�b�k�l�_�f �g�Z �h�k�g�h�\�_ 
�f�Z�r�b�g�g�h�]�h �h�[�m�q�_�g�b�y�� �B�o �b�k�i�h�e�v�a�h�\�Z�g�b�_ �\ 
�f�_�^�b�p�b�g�k�d�h�c �i�j�Z�d�l�b�d�_ �i�h�a�\�h�e�b�l �i�h�\�u�k�b�l�v �q�Z�k�l�h�l�m 
�i�h�k�l�Z�g�h�\�d�b �i�j�Z�\�b�e�v�g�h�]�h �^�b�Z�]�g�h�a�Z �b �b�a�[�_�`�Z�l�v 
�g�_�n�j�w�d�l�h�f�b�b�� 

�H�k�g�h�\�g�u�f�b �i�Z�j�Z�f�_�l�j�Z�f�b�� �g�Z �d�h�l�h�j�u�_ �f�u 
�[�m�^�_�f �h�i�b�j�Z�l�v�k�y �i�j�b �h�[�m�q�_�g�b�b �g�_�c�j�h�k�_�l�_�\�h�c �f�h�^�_�e�b 
�y�\�e�y�x�l�k�y�� �Z�g�Z�f�g�_�a�� �D�L-�i�j�b�a�g�Z�d�b �I�D�J�� �d�b�k�l�h�a�g�u�o �b 
�^�j�m�]�b�o �h�[�j�Z�a�h�\�Z�g�b�c �i�h�q�_�d�� �i�Z�j�Z�f�_�l�j�u �h�[�h�j�m�^�h�\�Z�g�b�y�� 
�g�Z �d�h�l�h�j�h�f �[�u�e�h �k�^�_�e�Z�g�h �b�k�k�e�_�^�h�\�Z�g�b�_�� 

1. �:�g�Z�f�g�_�a���� �A�^�_�k�v�� �f�u�� �\�� �i�_�j�\�m�x�� �h�q�_�j�_�^�v��
�]�h�\�h�j�b�f�� �h�� �n�b�a�b�h�e�h�]�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�o����
�\�h�a�j�Z�k�l�_���� �i�h�e�_�� �i�Z�p�b�_�g�l�Z���� �l�Z�d�`�_�� �d�� �w�l�h�c�� �d�Z�l�_�]�h�j�b�b��
�h�l�g�_�k�_�f�� �^�j�m�]�b�_�� �i�j�b�a�g�Z�d�b���� �b�k�l�h�j�b�y�� �[�h�e�_�a�g�b���� �l�Z�d��
�g�Z�a�u�\�Z�_�f�u�_�� �©�n�Z�d�l�h�j�u�� �j�b�k�d�Z�ª���� �d�m�j�_�g�b�_���� �h�`�b�j�_�g�b�_�� �b��
�i�j�h�q�b�_���>���@�� 

2. �D�L-�i�j�b�a�g�Z�d�b�� �h�[�j�Z�a�h�\�Z�g�b�c�� �h�i�j�_�^�_�e�y�x�l�k�y��
�b�a�� �h�k�h�[�_�g�g�h�k�l�_�c�� �k�h�h�l�\�_�l�k�l�\�m�x�s�_�]�h�� �h�[�j�Z�a�h�\�Z�g�b�y���� �\��
�i�_�j�\�m�x�� �h�q�_�j�_�^�v���� �f�u�� �[�m�^�_�f�� �h�i�b�j�Z�l�v�k�y�� �g�Z�� �i�e�h�l�g�h�k�l�v��
�l�d�Z�g�_�c���� �<�� �d�h�f�i�v�x�l�_�j�g�h�c�� �l�h�f�h�]�j�Z�n�b�b�� �h�i�j�_�^�_�e�y�_�l�k�y��
�i�e�h�l�g�h�k�l�v�� �\�� �_�^�b�g�b�p�Z�o�� �O�Z�m�g�k�n�b�e�^�Z�� ���+�8������ �I�j�b��
�j�_�d�h�g�k�l�j�m�d�p�b�b�� �b�a�h�[�j�Z�`�_�g�b�y�� �d�Z�`�^�h�f�m�� �i�b�d�k�_�e�x��
�h�i�j�_�^�_�e�y�_�l�k�y�� �q�b�k�e�h�\�h�_�� �a�g�Z�q�_�g�b�_���� �\�u�j�Z�`�_�g�g�h�_�� �\��
�_�^�b�g�b�p�Z�o���O�Z�m�g�k�n�b�e�^�Z�����_�k�e�b���]�h�\�h�j�b�l�v�� �i�j�b�[�e�b�`�_�g�g�h����
�l�h�� �w�l�Z�� �r�d�Z�e�Z�� �i�h�d�Z�a�u�\�Z�_�l�� �i�j�b�f�_�j�g�m�x�� �i�e�h�l�g�h�k�l�v��
�\�_�s�_�k�l�\�Z�� 
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�I�j�h�]�j�Z�f�f�Z�� �^�h�e�`�g�Z���Z�g�Z�e�b�a�b�j�h�\�Z�l�v�� �a�g�Z�q�_�g�b�y��
�i�b�d�k�_�e�_�c�� �b�� �g�Z�� �h�k�g�h�\�_�� �i�h�e�m�q�_�g�g�u�o�� �^�Z�g�g�u�o�� �b�� �r�d�Z�e�u��

�O�Z�m�g�k�n�b�e�^�Z�� ���l�Z�[�e�b�p�Z�� ������ �h�i�j�_�^�_�e�y�l�v�� �i�e�h�l�g�h�k�l�v��
�h�j�]�Z�g�h�\���b���h�[�j�Z�a�h�\�Z�g�b�c���� 

�L �Z �[ �e �b �p �Z 1  �± �R�d�Z�e�Z �O�Z�m�g�k�n�b�e�^�Z [3] 
�<�_�s�_�k�l�\�h HU 

�<�h�a�^�m�o �í1000 

�@�b�j�h�\�Z�y �l�d�Z�g�v �h�l -120 �^�h -90 

�F�y�]�d�b�_ �l�d�Z�g�b �k �d�h�g�l�j�Z�k�l�b�j�h�\�Z�g�b�_�f �h�l + 100 �^�h + 300 

�D�h�k�l�v 
�=�m�[�q�Z�l�Z�y �h�l +300 �^�h + 400 

�D�h�j�l�b�d�Z�e�v�g�Z�y �h�l +500 �^�h +1900 

�@�b�^�d�h�k�l�b  

�D�j�h�\�v �[�_�a �k�]�m�k�l�d�h�\ �h�l +13 �^�h +50 

�D�j�h�\�v �a�Z�i�_�d�r�Z�y�k�y �h�l +50 �^�h +75  

�<�h�^�Z 0 

�F�h�q�Z �h�l -5 �^�h +15 

�:�[�k�p�_�k�k / �=�g�h�c �h�l 0 �b�e�b +20, �^�h +40 �b�e�b +45 

 
�I�Z�j�_�g�o�b�f�Z 

�E�_�]�d�b�o �h�l -700 �^�h -600 

�I�h�q�d�b �h�l +20 �^�h +45 

�I�Z�j�_�g�o�b�f�Z 

�F�u�r�p�u �h�l +35 �^�h +55 

�I�_�q�_�g�v 60 �“ 6 

�;�_�e�h�_ �\�_�s�_�k�l�\�h �h�l + 20 �^�h + 30 

�K�_�j�h�_ �\�_�s�_�k�l�\�h �h�l + 37 �^�h + 45 
 
�G�Z �h�k�g�h�\�_ �Z�g�Z�e�b�a�Z �i�e�h�l�g�h�k�l�b �f�h�`�g�h 

�h�i�j�_�^�_�e�b�l�v�� �d�Z�d �k�Z�f�m �i�h�q�d�m �b �_�_ �Z�g�Z�l�h�f�b�x�� �l�Z�d �b 
�i�j�b�e�_�`�Z�s�b�_ �h�j�]�Z�g�u�� �K�h�h�l�\�_�l�k�l�\�_�g�g�h�� �\�u�^�_�e�b�f �l�Z�d�b�_ 
�i�j�b�a�g�Z�d�b �d�Z�d�� �j�Z�a�f�_�j �b �n�h�j�f�Z �h�[�j�Z�a�h�\�Z�g�b�y�� 
�g�Z�d�Z�i�e�b�\�Z�g�b�_ �d�h�g�l�j�Z�k�l�g�h�]�h �\�_�s�_�k�l�\�Z�� �i�e�h�l�g�h�k�l�v �b 
�h�^�g�h�j�h�^�g�h�k�l�v �h�[�j�Z�a�h�\�Z�g�b�y�� �j�Z�k�i�h�e�h�`�_�g�b�_ �i�h 
�h�l�g�h�r�_�g�b�x �d �^�j�m�]�b�f �h�j�]�Z�g�Z�f�� �g�Z�e�b�q�b�_ �f�_�l�Z�k�l�Z�a �\ 
�e�b�f�n�Z�l�b�q�_�k�d�b�o �m�a�e�Z�o �b �h�l�^�Z�e�_�g�g�u�o �h�j�]�Z�g�Z�o�� �< 
�^�h�i�h�e�g�_�g�b�_ �d �h�k�g�h�\�g�u�f �i�j�b�a�g�Z�d�Z�f �i�j�b 
�^�b�n�n�_�j�_�g�p�b�Z�p�b�b �h�[�j�Z�a�h�\�Z�g�b�c �f�u �b�k�i�h�e�v�a�m�_�f 
�h�i�j�_�^�_�e�_�g�b�_ �d�Z�e�v�p�b�n�b�d�Z�p�b�b�� �`�b�j�h�\�u�o �h�l�e�h�`�_�g�b�c�� 
�g�_�d�j�h�l�b�q�_�k�d�b�o �l�d�Z�g�_�c �b �\�h�k�i�Z�e�_�g�b�y �e�b�f�n�Z�l�b�q�_�k�d�b�o 
�m�a�e�h�\�� 

�H�l�^�_�e�v�g�h�_�� �\�g�b�f�Z�g�b�_�� �k�e�_�^�m�_�l�� �h�[�j�Z�s�Z�l�v �g�Z��
�Z�g�h�f�Z�e�b�b�� �k�l�j�h�_�g�b�y�� �i�h�q�_�d�� �m�� �i�Z�p�b�_�g�l�Z����
�i�h�^�d�h�\�h�h�[�j�Z�a�g�Z�y���i�h�q�d�Z�����Z�g�h�f�Z�e�b�y���d�h�e�b�q�_�k�l�\�Z�����\���l�h�f��
�q�b�k�e�_�� �m�^�Z�e�_�g�g�Z�y�� �o�b�j�m�j�]�b�q�_�k�d�b�f�� �i�m�l�_�f�� �i�h�q�d�b������
�Z�g�h�f�Z�e�b�y���i�h�e�h�`�_�g�b�y���b���^�j�m�]�b�_���\�b�^�u�� 

�G�Z �h�k�g�h�\�Z�g�b�b �\�u�y�\�e�_�g�g�u�o �D�L-�i�j�b�a�g�Z�d�h�\ �f�u 
�[�m�^�_�f �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�l�v �h�[�j�Z�a�h�\�Z�g�b�y�� �I�h �k�b�k�l�_�f�_ 
TNM ���f�_�`�^�m�g�Z�j�h�^�g�h�c �d�e�Z�k�k�b�n�b�d�Z�p�b�b �^�e�y 
�k�l�Z�^�b�j�h�\�Z�g�b�y �a�e�h�d�Z�q�_�k�l�\�_�g�g�u�o �h�i�m�o�h�e�_�c�� �h�l 2017 �]�� 
�h�i�j�_�^�_�e�y�x�l �k�e�_�^�m�x�s�b�_ �k�l�Z�^�b�b �j�Z�d�Z �i�h�q�d�b �b 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �^�e�y �b�o �h�i�j�_�^�_�e�_�g�b�y ���l�Z�[�e�b�p�u 2, 
3) [4]. 

 
�L �Z �[ �e �b �p �Z 2  �± �K�l�Z�^�b�j�h�\�Z�g�b�_ �j�Z�d�Z �i�h�q�d�b �i�h �k�b�k�l�_�f�_ �LNM (2017 �]���� 
�D�e�b�g�b�q�_�k�d�Z�y 

�k�l�Z�^�b�y 
�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z 

�I�_�j�\�b�q�g�Z�y �h�i�m�o�h�e�v ���d�Z�l�_�]�h�j�b�y �L�� 
�k�L�o �I�_�j�\�b�q�g�Z�y �h�i�m�o�h�e�v �g�_ �f�h�`�_�l �[�u�l�v �h�i�j�_�^�_�e�_�g�Z 
�k�L�� �G�_�l �i�j�b�a�g�Z�d�h�\ �g�Z�e�b�q�b�y �i�_�j�\�b�q�g�h�c �h�i�m�o�h�e�b 
�k�L�� �H�i�m�o�h�e�v �” 7 �k�f �\ �g�Z�b�[�h�e�v�r�_�f �b�a�f�_�j�_�g�b�b�� �g�_ �\�u�o�h�^�b�l �a�Z �i�j�_�^�_�e�u �i�h�q�d�b 
�k�L���Z �H�i�m�o�h�e�v �” 4 �k�f �\ �g�Z�b�[�h�e�v�r�_�f �b�a�f�_�j�_�g�b�b�� �g�_ �\�u�o�h�^�b�l �a�Z �i�j�_�^�_�e�u �i�h�q�d�b 
�k�L���E �H�i�m�o�h�e�v > 4 �k�f�� �g�h < 7 �k�f �\ �g�Z�b�[�h�e�v�r�_�f �b�a�f�_�j�_�g�b�b 
cT2 �H�i�m�o�h�e�v �• 7 �k�f �\ �g�Z�b�[�h�e�v�r�_�f �b�a�f�_�j�_�g�b�b�� �g�_ �\�u�o�h�^�b�l �a�Z �i�j�_�^�_�e�u �i�h�q�d�b 
cT2a �H�i�m�o�h�e�v > 7 �k�f�� �g�h < 10 �k�f �\ �g�Z�b�[�h�e�v�r�_�f �b�a�f�_�j�_�g�b�b�� �g�_ �\�u�o�h�^�b�l �a�Z 

�i�j�_�^�_�e�u �i�h�q�d�b 
cT2b �H�i�m�o�h�e�v > 10 �k�f�� �g�_ �\�u�o�h�^�b�l �a�Z �i�j�_�^�_�e�u �i�h�q�d�b 
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�I�j�h�^�h�e�`�_�g�b�_ �l�Z�[�e�b�p�u 2 
�D�e�b�g�b�q�_�k�d�Z�y 

�k�l�Z�^�b�y 
�O�Z�j�Z�d�l�_�j�b�k�l�b�d�Z 

cT3 �H�i�m�o�h�e�v �j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y �g�Z �d�j�m�i�g�u�_ �\�_�g�u �b�e�b �i�_�j�b�n�_�j�b�q�_�k�d�b�_ �l�d�Z�g�b�� 
�g�h �g�_ �j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y �a�Z �i�j�_�^�_�e�u �n�Z�k�p�b�b �=�_�j�h�l�Z 

cT3a �H�i�m�o�h�e�v �f�Z�d�j�h�k�d�h�i�b�q�_�k�d�b �j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y �g�Z �i�h�q�_�q�g�m�x �\�_�g�m �b�e�b �_�_ 
�k�_�]�f�_�g�l�Z�j�g�u�_ �\�_�g�u ���k �f�u�r�_�q�g�h�c �k�l�_�g�d�h�c���� �e�b�[�h �h�i�m�o�h�e�v �i�j�h�j�Z�k�l�Z�_�l �\ 
�i�_�j�b�j�_�g�Z�e�v�g�u�_ �l�d�Z�g�b �b���b�e�b �i�h�q�_�q�g�u�c �k�b�g�m�k ���\ �d�e�_�l�q�Z�l�d�m�� �h�d�j�m�`�Z�x�s�m�x 
�i�h�q�_�q�g�m�x �e�h�o�Z�g�d�m���� �g�h �g�_ �\�u�o�h�^�b�l �a�Z �i�j�_�^�_�e�u �n�Z�k�p�b�b �=�_�j�h�l�Z 

cT3b �H�i�m�o�h�e�v �f�Z�d�j�h�k�d�h�i�b�q�_�k�d�b �j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y �\ �g�b�`�g�x�x �i�h�e�m�x �\�_�g�m 
�g�b�`�_ �m�j�h�\�g�y �^�b�Z�n�j�Z�]�f�u 

�F�7���k �H�i�m�o�h�e�v �f�Z�d�j�h�k�d�h�i�b�q�_�k�d�b �j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y �\ �g�b�`�g�x�x �i�h�e�m�x �\�u�r�_ 
�m�j�h�\�g�y �^�b�Z�n�j�Z�]�f�u �b�e�b �i�j�h�j�Z�k�l�Z�_�l �k�l�_�g�d�m �g�b�`�g�_�c �i�h�e�h�c �\�_�g�u 

cT4 �H�i�m�o�h�e�v �j�Z�k�i�j�h�k�l�j�Z�g�y�_�l�k�y �a�Z �i�j�_�^�_�e�u �n�Z�k�p�b�b �=�_�j�h�l�Z ���b �f�h�`�_�l 
�i�j�h�j�Z�k�l�Z�l�v �\ �b�i�k�b�e�Z�l�_�j�Z�e�v�g�u�c �g�Z�^�i�h�q�_�q�g�b�d�� 

�E�b�f�n�Z�l�b�q�_�k�d�b�_ �m�a�e�u ���d�Z�l�_�]�h�j�b�y N) 
cNx �J�_�]�b�h�g�Z�j�g�u�_ �e�b�f�n�Z�l�b�q�_�k�d�b�_ �m�a�e�u �g�_ �f�h�]�m�l �[�u�l�v �h�p�_�g�_�g�u 
cN0 �H�l�k�m�l�k�l�\�b�_ �f�_�l�Z�k�l�Z�a�h�\ �\ �j�_�]�b�h�g�Z�j�g�u�o �e�b�f�n�Z�l�b�q�_�k�d�b�o �m�a�e�Z�o 
cN1 �F�_�l�Z�k�l�Z�a�u �\ �j�_�]�b�h�g�Z�j�g�u�o �e�b�f�n�Z�l�b�q�_�k�d�b�o �m�a�e�Z�o 

�H�l�^�Z�e�_�g�g�u�_ �f�_�l�Z�k�l�Z�a�u ���d�Z�l�_�]�h�j�b�y M) 
cMx �H�p�_�g�b�l�v �g�Z�e�b�q�b�_ �h�l�^�Z�e�_�g�g�u�o �f�_�l�Z�k�l�Z�a�h�\ �g�_�\�h�a�f�h�`�g�h 
cM0 �H�l�^�Z�e�_�g�g�u�_ �f�_�l�Z�k�l�Z�a�u �h�l�k�m�l�k�l�\�m�x�l  
cM1 �H�i�j�_�^�_�e�y�x�l�k�y �h�l�^�Z�e�_�g�g�u�_ �f�_�l�Z�k�l�Z�a�u 

 

�L �Z �[ �e �b �p �Z 3  �± �K�h�h�l�\�_�l�k�l�\�b�_ �k�l�Z�^�b�c �h�i�m�o�h�e�_�\�h�]�h �i�j�h�p�_�k�k�Z �d�Z�l�_�]�h�j�b�y�f TNM 
�K�l�Z�^�b�y �D�Z�l�_�]�h�j�b�y T �D�Z�l�_�]�h�j�b�y N �D�Z�l�_�]�h�j�b�y M 

I T1 N0 M0 
II  T2 N0 M0 
III  T3 N0 M0 

T1, T2, T3 N1 M0 
IV  T4 N �e�x�[�h�_ M0 

T �e�x�[�h�_ N2 M0 
�7�e�x�[�h�_ N �e�x�[�h�_ M1 

 
�D�b�k�l�h�a�g�u�_���h�[�j�Z�a�h�\�Z�g�b�y���i�h�q�_�d���i�h���i�_�j�_�k�f�h�l�j�m��

�h�l�������������]�����d�e�b�g�b�q�_�k�d�b�o���j�_�d�h�f�_�g�^�Z�p�b�c���F�b�g�b�k�l�_�j�k�l�\�Z��
�a�^�j�Z�\�h�h�o�j�Z�g�_�g�b�y���J�N�����l�Z�[�e�b�p�Z���������>���@�� 

�I�_�j�_�o�h�^�y�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �d�� �\�h�i�j�h�k�m��
�n�h�j�f�b�j�h�\�Z�g�b�y�� �^�Z�l�Z�k�_�l�Z�� �^�e�y�� �h�[�m�q�_�g�b�y�� �g�_�c�j�h�k�_�l�_�c��
�f�h�^�_�e�b���� �k�e�_�^�m�_�l�� �h�[�j�Z�l�b�l�v�� �\�g�b�f�Z�g�b�_�� �g�Z�� �k�e�_�^�m�x�s�b�c��
�Z�k�i�_�d�l�����k�m�s�_�k�l�\�_�g�g�h�_���j�Z�a�e�b�q�b�_���\���f�_�l�h�^�_���i�j�h�\�_�^�_�g�b�y��
�D�L���b�k�k�e�_�^�h�\�Z�g�b�c�����g�Z�k�l�j�h�c�d�b���D�L���l�h�f�h�]�j�Z�n�Z�����d�Z�q�_�k�l�\�Z��
�i�h�e�m�q�Z�_�f�h�]�h���b�k�k�e�_�^�h�\�Z�g�b�y�����l�h�e�s�b�g�u���k�j�_�a�Z�����k�d�h�j�h�k�l�b��

�\�\�_�^�_�g�b�y�� �d�h�g�l�j�Z�k�l�Z�� �i�Z�p�b�_�g�l�m�� �b�� �_�]�h�� �h�[�t�_�f�Z�� �b�� �^�j���������<��
�a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �k�i�_�p�b�n�b�d�b�� �Z�i�i�Z�j�Z�l�h�\���� �_�]�h�� �g�Z�k�l�j�h�_�d��
�f�u�� �i�h�e�m�q�Z�_�f�� �^�e�y�� �Z�g�Z�e�b�a�Z�� �b�k�k�e�_�^�h�\�Z�g�b�y���� �b�f�_�x�s�b�_��
�[�h�e�v�r�h�c���j�Z�a�[�j�h�k���\���d�Z�q�_�k�l�\�_�����I�j�b���i�j�h�\�_�^�_�g�b�b���Z�g�Z�e�b�a�Z��
�k�g�b�f�d�h�\�� �g�Z�b�[�h�e�_�_�� �\�Z�`�g�h�� �i�j�h�b�a�\�h�^�b�l�v�� �i�j�h�\�_�j�d�m�� �g�Z��
�g�Z�e�b�q�b�_�� �r�m�f�h�\�� �b�� �Z�j�l�_�n�Z�d�l�h�\�� �g�Z�� �k�g�b�f�d�Z�o���� �b�� �i�j�b��
�\�u�y�\�e�_�g�b�b���h�k�m�s�_�k�l�\�e�y�l�v���h�[�j�Z�[�h�l�d�m���b�a�h�[�j�Z�`�_�g�b�y���^�e�y��
�m�^�Z�e�_�g�b�y�� �^�_�n�_�d�l�h�\���� �^�h�[�b�\�Z�y�k�v�� �f�b�g�b�f�Z�e�v�g�u�o��
�b�k�d�Z�`�_�g�b�c���b�a�h�[�j�Z�`�_�g�b�y�� 

�L �Z �[ �e �b �p �Z 4  �± �D�e�Z�k�k�b�n�b�d�Z�p�b�y �;�h�k�g�y�d�Z �d�b�k�l�h�a�g�u�o �h�[�j�Z�a�h�\�Z�g�b�c �i�h�q�d�b 
�I�h 

�;�h�k�g�y�d�m 
�H�k�h�[�_�g�g�h�k�l�b �J�_�a�m�e�v�l�Z�l 

�b�k�k�e�_�^�h�\�Z�g�b�y 
I �L�h�g�d�Z�y ���f�_�g�_�_ 2 �f�f  �\ �l�h�e�s�b�g�m�� �k�g�_�l�d�Z�� �\ �k�l�j�m�d�l�m�j�_ 

�h�l�k�m�l�k�l�\�m�x�l �k�_�i�l�u �b�e�b �k�h�e�b�^�g�u�c �d�h�f�i�h�g�_�g�l�� 
�h�l�k�m�l�k�l�\�m�x�l �d�Z�e�v�p�b�g�Z�l�u�� �I�e�h�l�g�h�k�l�v���k�b�]�g�Z�e�v�g�u�_ 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �k�h�^�_�j�`�b�f�h�]�h �k�h�h�l�\�_�l�k�l�\�m�x�l �k�_�j�h�a�g�h�c 
�`�b�^�d�h�k�l�b ���\�h�^�_���� �h�l�k�m�l�k�l�\�m�_�l �g�Z�d�h�i�e�_�g�b�_ �d�h�g�l�j�Z�k�l�g�h�]�h 
�\�_�s�_�k�l�\�Z�� 

�I�j�h�k�l�Z�y 
�^�h�[�j�h�d�Z�q�_�k�l�\�_�g�g�Z�y 
�d�b�k�l�Z 
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�I�j�h�^�h�e�`�_�g�b�_ �l�Z�[�e�b�p�u 4 
�I�h 

�;�h�k�g�y�d�m �H�k�h�[�_�g�g�h�k�l�b 
�J�_�a�m�e�v�l�Z�l 

�b�k�k�e�_�^�h�\�Z�g�b�y 
II  �D�b�k�l�Z �q�_�l�d�h �h�q�_�j�q�_�g�g�Z�y�� �l�h�g�d�Z�y ���l�h�e�s�b�g�Z �f�_�g�_�_ 2 �f�f�� 

�k�l�_�g�d�Z�� �h�^�b�g�h�q�g�u�_ �l�h�g�d�b�_ ���f�_�g�_�_ 1 �f�f�� �k�_�i�l�u�� �\�h�e�h�k�y�g�h�c 
���g�_�b�a�f�_�j�b�f�h�c�� �l�h�e�s�b�g�u �b�e�b �l�h�q�_�q�g�u�_ �d�Z�e�v�p�b�g�Z�l�u �\ �k�l�_�g�d�_ 
�b�e�b �k�_�i�l�Z�o�� �<�b�^�b�f�h�_�� �g�h �g�_�b�a�f�_�j�b�f�h�_ �g�Z�d�h�i�e�_�g�b�_ 
�d�h�g�l�j�Z�k�l�g�h�]�h �\�_�s�_�k�l�\�Z �k�l�_�g�d�h�c �b�e�b �k�_�i�l�b�f�Z �g�_ 
�g�Z�d�Z�i�e�b�\�Z�x�s�_�_ �d�h�g�l�j�Z�k�l�g�h�_ �\�_�s�_�k�l�\�h �d�b�k�l�u �k �k�h�^�_�j�`�b�f�u�f 
�g�_�k�_�j�h�a�g�h�]�h �o�Z�j�Z�d�l�_�j�Z �j�Z�a�f�_�j�h�f �f�_�g�_�_ 3 �k�f�� 
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�F�h�`�g�h�� �\�u�^�_�e�b�l�v�� �k�e�_�^�m�x�s�b�_�� �w�l�Z�i�u��

�n�h�j�f�b�j�h�\�Z�g�b�y���^�Z�l�Z�k�_�l�Z�� 
1. �G�Z�� �i�_�j�\�h�f�� �w�l�Z�i�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �i�j�b��

�k�h�a�^�Z�g�b�b�� �f�h�^�_�e�b�� �[�u�e�h�� �i�j�b�g�y�l�h�� �j�_�r�_�g�b�_�� �h�[�� �h�l�[�h�j�_��
�D�L-�b�k�k�e�_�^�h�\�Z�g�b�c���� �k�^�_�e�Z�g�g�u�o�� �l�h�e�v�d�h�� �g�Z�� �Z�i�i�Z�j�Z�l�Z�o��
�D�m�j�k�d�h�]�h�� �h�g�d�h�e�h�]�b�q�_�k�d�h�]�h�� �g�Z�m�q�g�h-�d�e�b�g�b�q�_�k�d�b�c��
�p�_�g�l�j�� �b�f�_�g�b�� �=�� �?�� �H�k�l�j�h�\�_�j�o�h�\�Z�� ���D�m�j�k�d�h�]�h��
�h�g�d�h�e�h�]�b�q�_�k�d�h�]�h�� �p�_�g�l�j�Z������ �k�� �d�h�l�h�j�u�f�� �a�Z�d�e�x�q�_�g�h��
�k�h�]�e�Z�r�_�g�b�_�� �h�� �k�h�l�j�m�^�g�b�q�_�k�l�\�_���� �>�Z�g�g�h�_�� �j�_�r�_�g�b�_��
�i�h�a�\�h�e�y�_�l�� �Z�g�Z�e�b�a�b�j�h�\�Z�l�v�� �k�g�b�f�d�b�� �[�h�e�_�_�� �h�^�g�h�j�h�^�g�u�_��
�i�h�� �k�\�h�b�f�� �d�Z�q�_�k�l�\�_�g�g�u�f�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�f���� �L�Z�d�b�f��
�h�[�j�Z�a�h�f���� �n�h�j�f�b�j�m�_�l�k�y�� �^�Z�l�Z�k�_�l�� �b�k�d�e�x�q�b�l�_�e�v�g�h�� �b�a��
�b�k�k�e�_�^�h�\�Z�g�b�c���� �k�h�^�_�j�`�Z�s�b�o�� �\�k�_�� �n�Z�a�u�� �D�L-
�b�k�k�e�_�^�h�\�Z�g�b�y�� �k�� �d�h�g�l�j�Z�k�l�h�f�� ���g�Z�l�b�\�g�Z�y�� ���[�_�a��
�d�h�g�l�j�Z�k�l�Z������ �Z�j�l�_�j�b�Z�e�v�g�Z�y���� �\�_�g�h�a�g�Z�y���� �\�u�^�_�e�b�l�_�e�v�g�Z�y��
�n�Z�a�Z������ �K�l�h�b�l�� �h�l�f�_�l�b�l�v���� �q�l�h�� �\�Z�`�g�u�f�� �w�l�Z�i�h�f�� �\��
�k�h�a�^�Z�g�b�b�� �^�Z�l�Z�k�_�l�Z�� �y�\�e�y�_�l�k�y�� �h�[�_�a�e�b�q�b�\�Z�g�b�_�� �^�Z�g�g�u�o����
�i�m�l�z�f�� �m�^�Z�e�_�g�b�y�� �i�_�j�k�h�g�Z�e�v�g�u�o�� �^�Z�g�g�u�o�� �i�Z�p�b�_�g�l�h�\����
�D�j�b�l�_�j�b�b�� �d�Z�q�_�k�l�\�Z�� �b�a�h�[�j�Z�`�_�g�b�y���� �i�j�h�k�l�j�Z�g�k�l�\�_�g�g�h�_��
�j�Z�a�j�_�r�_�g�b�_���b�a�h�[�j�Z�`�_�g�b�y�����j�_�a�d�h�k�l�v�������a�Z�r�m�f�e�z�g�g�h�k�l�v��
�b�a�h�[�j�Z�`�_�g�b�y�� ���j�Z�a�e�b�q�b�f�h�k�l�v�� �g�b�a�d�h�d�h�g�l�j�Z�k�l�g�u�o��
�d�e�b�g�b�q�_�k�d�b�o�� �h�[�t�_�d�l�h�\�� �f�Z�e�h�c�� �i�e�h�s�Z�^�b���� �l�h�q�_�q�g�u�_��
�h�[�t�_�d�l�u���� �j�Z�a�e�b�q�b�f�h�k�l�v�� �d�j�m�i�g�u�o�� �g�b�a�d�h�d�h�g�l�j�Z�k�l�g�u�o��
�h�[�t�_�d�l�h�\�� [6]. 

2. �>�h�i�h�e�g�b�l�_�e�v�g�h�� �d�� �m�g�b�n�b�p�b�j�h�\�Z�g�b�x��
�b�k�k�e�_�^�h�\�Z�g�b�c���� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �k�e�_�^�m�x�s�b�_�� �f�_�l�h�^�u��
�i�j�_�^�h�[�j�Z�[�h�l�d�b�� �^�Z�g�g�u�o���� �©�k�]�e�Z�`�b�\�Z�g�b�_�� �i�h�� �=�Z�m�k�k�m�� �\��

�d�h�f�[�b�g�Z�p�b�b���k �[�b�e�Z�l�_�j�Z�e�v�g�u�f���n�b�e�v�l�j�h�f���w�n�n�_�d�l�b�\�g�h��
�m�f�_�g�v�r�Z�_�l���r�m�f�����k�h�o�j�Z�g�y�y���i�j�b���w�l�h�f���q�z�l�d�h�k�l�v���]�j�Z�g�b�p��
�b�a�h�[�j�Z�`�_�g�b�y�ª�� �>���@���� �m�^�Z�e�_�g�b�_�� �r�m�f�h�\�� �k�� �i�h�f�h�s�v�x��
�f�_�^�b�Z�g�g�h�]�h�� �n�b�e�v�l�j�Z�� ���P�H�G�L�D�Q���� �b�� �n�b�e�v�l�j�Z��
�g�_�e�h�d�Z�e�v�g�u�o�� �k�j�_�^�g�b�o�� ���Q�R�Q-�O�R�F�D�O�� �P�H�D�Q�V������ �I�h�^�h�[�g�u�f��
�h�[�j�Z�a�h�f�� �f�h�`�g�h�� �i�h�\�u�k�b�l�v�� �d�Z�q�_�k�l�\�h�� �b�k�k�e�_�^�h�\�Z�g�b�c����
�h�^�g�Z�d�h�� �g�_�h�[�o�h�^�b�f�h�� �i�j�b�� �i�j�_�^�h�[�j�Z�[�h�l�d�_�� �[�h�e�v�r�h�_��
�\�g�b�f�Z�g�b�_�� �m�^�_�e�y�l�v�� �k�h�o�j�Z�g�_�g�b�x�� �k�h�h�l�g�h�r�_�g�b�c��
�a�g�Z�q�_�g�b�c�� �_�^�b�g�b�p�� �O�Z�m�g�k�n�b�e�^�Z�� �b�� �a�g�Z�q�_�g�b�c��
�k�h�h�l�\�_�l�k�l�\�m�x�s�b�o���p�\�_�l�h�\�� 

3. �>�e�y�� �m�e�m�q�r�_�g�b�y�� �]�_�g�_�j�Z�e�b�a�Z�p�b�b��
�f�h�^�_�e�b�� �b�k�i�h�e�v�a�h�\�Z�e�b�k�v�� �f�_�l�h�^�u�� �Z�m�]�f�_�g�l�Z�p�b�b����
�i�j�b�[�e�b�`�_�g�b�_�� ���k�� �h�i�j�_�^�_�e�_�g�g�h�c�� �\�_�j�h�y�l�g�h�k�l�v�x��
�b�a�h�[�j�Z�`�_�g�b�_�� �f�Z�k�r�l�Z�[�b�j�m�_�l�k�y�� �g�Z�� �k�e�m�q�Z�c�g�u�c��
�d�h�w�n�n�b�p�b�_�g�l������ �i�h�\�h�j�h�l�� �g�Z�� �k�e�m�q�Z�c�g�u�c�� �m�]�h�e����
�a�_�j�d�Z�e�b�j�h�\�Z�g�b�_�����b�a�f�_�g�_�g�b�_���d�h�g�l�j�Z�k�l�Z���b���]�b�k�l�h�]�j�Z�f�f�u��
�b�g�l�_�g�k�b�\�g�h�k�l�b���� �<�k�_�� �i�j�b�\�_�^�_�g�g�u�_�� �f�_�l�h�^�u��
�Z�m�]�f�_�g�l�Z�p�b�b�� �i�j�b�f�_�g�y�x�l�k�y�� �d�� �b�k�k�e�_�^�h�\�Z�g�b�x�� �k��
�h�i�j�_�^�_�e�_�g�g�h�c�� �\�_�j�h�y�l�g�h�k�l�v�x�� �k�h�[�u�l�b�y���� �>�e�y�� �d�Z�`�^�h�]�h��
�b�a�� �g�b�o�� �h�i�j�_�^�_�e�y�_�l�k�y�� �\�_�j�h�y�l�g�h�k�l�v�� ���h�l�� �� ���� �^�h�� ���� % 
�q�Z�k�l�h�l�Z���� �k�� �d�h�l�h�j�h�c�� �^�Z�g�g�h�_�� �b�a�h�[�j�Z�`�_�g�b�_�� �[�m�^�_�l��
�i�h�^�\�_�j�`�_�g�h���h�^�g�h�c���b�e�b���g�_�k�d�h�e�v�d�b�f���m�d�Z�a�Z�g�g�u�f���\�u�r�_��
�f�_�l�h�^�Z�f���Z�m�]�f�_�g�l�Z�p�b�b�����>���@�� 

4. �I�h�k�e�_�^�g�b�f�� �w�l�Z�i�h�f�� �n�h�j�f�b�j�h�\�Z�g�b�y��
�^�Z�l�Z�k�_�l�Z�� �y�\�e�y�_�l�k�y�� �g�_�i�h�k�j�_�^�k�l�\�_�g�g�h�� �k�Z�f�Z�� �©�j�Z�a�f�_�l�d�Z�ª��
���f�Z�j�d�b�j�h�\�d�Z�� �f�_�^�b�p�b�g�k�d�b�f�b�� �k�i�_�p�b�Z�e�b�k�l�Z�f�b��
���\�j�Z�q�Z�f�b-�j�_�g�l�]�_�g�h�e�h�]�Z�f�b���� �i�b�d�k�_�e�_�c�� �b�a�h�[�j�Z�`�_�g�b�y����
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�i�j�b�g�Z�^�e�_�`�Z�s�b�o�� �h�^�g�h�c�� �p�_�e�_�\�h�c�� �h�[�e�Z�k�l�b������ �J�Z�a�f�_�l�d�Z��
�^�Z�g�g�u�o�� �i�j�h�\�h�^�b�l�k�y�� �i�h�^�� �g�Z�[�e�x�^�_�g�b�_�f�� �b��
�j�m�d�h�\�h�^�k�l�\�h�f�� �h�i�u�l�g�u�o�� �\�j�Z�q�_�c�� �j�_�g�l�]�_�g�h�e�h�]�h�\�� �b��
�\�j�Z�q�Z-�h�g�d�h�e�h�]�Z�� �\�u�k�r�_�c�� �d�Z�l�_�]�h�j�b�b�� �D�m�j�k�d�h�]�h��
�h�g�d�h�e�h�]�b�q�_�k�d�h�]�h�� �p�_�g�l�j�Z���� �J�Z�a�f�_�l�d�Z�� �^�Z�g�g�u�o��
�h�k�m�s�_�k�l�\�e�y�_�l�k�y�� �k�� �i�h�f�h�s�v�x�� �j�Z�a�j�Z�[�h�l�Z�g�g�h�]�h�� �^�e�y��
�^�Z�g�g�h�c�� �a�Z�^�Z�q�b�� �i�j�h�]�j�Z�f�f�g�h�]�h�� �h�[�_�k�i�_�q�_�g�b�y���� �I�j�b��
�f�Z�j�d�b�j�h�\�d�_�� �b�k�k�e�_�^�h�\�Z�g�b�c�� �\�u�^�_�e�y�x�l�k�y�� �\�k�_��
�h�i�b�k�Z�g�g�u�_�� �\�� �^�Z�g�g�h�f�� �b�k�k�e�_�^�h�\�Z�g�b�b�� �i�Z�l�h�e�h�]�b�b���� �j�Z�d��
�i�h�q�d�b�����d�b�k�l�u��I-IV �%�2�6�1�,�$�.�����k�h�e�b�^�g�u�_���h�[�j�Z�a�h�\�Z�g�b�y����
�f �_�l�Z�k�l�Z�a�u���\���i�h�q�d�b���b���^�j�m�]�b�_���� 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �g�Z�f�b�� �[�u�e�� �k�n�h�j�f�b�j�h�\�Z�g��
�g�Z�[�h�j�� �^�Z�g�g�u�o���� �k�h�^�_�j�`�Z�s�b�c�� �\�� �k�_�[�_�� �[�h�e�_�_�� ��������
�b�k�k�e�_�^�h�\�Z�g�b�c���� �<�k�_�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �[�u�e�b�� �k�^�_�e�Z�g�u�� �g�Z��

�d�h�f�i�v�x�l�_�j�g�u�o �l�h�f�h�]�j�Z�n�Z�o �D�m�j�k�d�h�]�h �h�g�d�h�e�h�]�b�q�_�k�d�h
�]�h�� �p�_�g�l�j�Z���� �>�Z�l�Z�k�_�l�� �\�d�e�x�q�Z�_�l�� �\�� �k�_�[�y�� �b�k�k�e�_�^�h�\�Z�g�b�y��
�i�Z�p�b�_�g�l�h�\ �k�� �j�Z�a�e�b�q�g�u�f�b�� �k�l�Z�^�b�y�f�b�� �h�g�d�h�e�h�]�b�q�_�k�d�b�o��
�a�Z�[�h�e�_�\�Z�g�b�c�� ���j�Z�d�� �i�h�q�d�b�� �k�� �j�Z�a�e�b�q�g�u�f�b��
�j�Z�k�i�h�e�h�`�_�g�b�_�f�� �b�� �k�l�_�i�_�g�v�x�� �i�j�h�j�Z�k�l�Z�g�b�y������ �[�h�e�v�r�b�f��
�d�h�e�b�q�_�k�l�\�h�f���j�Z�a�e�b�q�g�u�o���\�b�^�h�\���d�b�k�l�����d�Z�d���k�Z�f�h�c���i�h�q�d�b����
�l�Z�d���b���i�h�q�_�q�g�h�]�h���k�b�g�m�k�Z�����b���^�j�m�]�b�o���h�j�]�Z�g�h�\�����Z�g�h�f�Z�e�b�b��
�k�l�j�h�_�g�b�y���i�h�q�_�d�����Z�g�]�b�h�f�b�h�e�b�i�h�f�Z�����f�_�l�Z�k�l�Z�a�u���\���i�h�q�d�m����
�<�� �j�_�a�m�e�v�l�Z�l�_�� �j�Z�a�f�_�l�d�b�� �n�h�j�f�b�j�m�_�l�k�y�� �k�e�_�^�m�x�s�b�c��
�g�Z�[�h�j���^�Z�g�g�u�o�����h�[�_�a�e�b�q�_�g�g�u�_���b�a�h�[�j�Z�`�_�g�b�y���\���n�h�j�f�Z�l�_��
�'�,�&�2�0�� �[�_�a�� �j�Z�a�f�_�l�d�b���� �j�Z�a�f�_�q�_�g�g�u�_�� �b�a�h�[�j�Z�`�_�g�b�y���� �k��
�h�i�j�_�^�_�e�_�g�g�u�f�� �d�h�g�l�m�j�h�f�� �©�h�[�e�Z�k�l�_�c�� �b�g�l�_�j�_�k�Z�ª����
�l�_�d�k�l�h�\�u�c�� �n�Z�c�e���� �k�h�^�_�j�`�Z�s�b�c�� �^�Z�g�g�u�_�� �h�� �d�Z�`�^�h�c�� �b�a��
�^�Z�g�g�u�o���h�[�e�Z�k�l�_�c�����b�o���d�h�h�j�^�b�g�Z�l�u���b���l�b�i���i�Z�l�h�e�h�]�b�b���� 

 
�K�i�b�k�h�d �b�k�i�h�e�v�a�m�_�f�h�c �e�b�l�_�j�Z�l�m�j�u 

 
1 �F�b�g�b�k�l�_�j�k�l�\�h�� �a�^�j�Z�\�h�h�o�j�Z�g�_�g�b�y��

�J�h�k�k�b�c�k�d�h�c���n�_�^�_�j�Z�p�b�b�����D�e�b�g�b�q�_�k�d�b�_���j�_�d�h�f�_�g�^�Z�p�b�b����
�J�Z�d���i�Z�j�_�g�o�b�f�u���i�h�q�d�b���������������]�� 

2 �I�_�j�k�i�_�d�l�b�\�u �k�h�\�j�_�f�_�g�g�u�o �f�_�l�h�^�h�\ 
�^�b�Z�]�g�h�k�l�b�d�b �j�Z�d�Z �i�h�q�d�b�� �G�� �;�� �A�Z�o�Z�j�h�\�Z�� �:���G�� 
�I�h�g�m�d�Z�e�b�g�� �K�Z�j�Z�l�h�\�k�d�b�c �=�F�M�� 2017 �]�� 

3 �J�b�q�Z�j�^ �;�b�[�[�� �>�h�f�b�g�b�d �W�]�]�[�b�j �b �W�[�[�b 
�I�Z�l�_�j�k�h�g, �F�_�^�b�p�b�g�k�d�h�_ �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �I�j�b�f�_�g�_�g
�b�_ �i�_�j�_�^�h�\�u�o �f�_�l�h�^�h�\ �i�j�h�_�d�l�b�j�h�\�Z�g�b�y �b �[�u�k�l�j�h�]�h 
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�<�� �^�Z�g�g�h�c�� �k�l�Z�l�v�_�� �j�Z�k�k�f�Z�l�j�b�\�Z�x�l�k�y�� �f�h�^�_�e�b���f�Z�r�b�g�g�h�]�h�� �h�[�m�q�_�g�b�y�� �j�Z�a�j�_�r�_�g�b�y��

�d�h�j�_�n�_�j�_�g�p�b�b�� �\�� �j�m�k�k�d�h�y�a�u�q�g�u�o�� �l�_�d�k�l�Z�o���� �:�g�Z�e�b�a�b�j�m�x�l�k�y�� �k�m�s�_�k�l�\�m�x�s�b�_�� �i�h�^�o�h�^�u�� �d��
�j�_�r�_�g�b�x���i�j�h�[�e�_�f�u�����H�i�b�k�u�\�Z�_�l�k�y���f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�_���k�l�j�m�d�l�m�j�g�h�_���i�j�_�^�k�d�Z�a�Z�g�b�_���l�_�d�k�l�Z��
�d�Z�d�� �k�i�h�k�h�[�� �h�l�h�[�j�Z�`�_�g�b�y�� �j�_�n�_�j�_�g�l�g�h-�k�k�u�e�h�q�g�h�c�� �k�l�j�m�d�l�m�j�u���� �j�_�Z�e�b�a�m�_�f�h�_�� �f�h�^�_�e�y�f�b��
�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c�� �g�Z�� �[�Z�a�_�� �Z�j�o�b�l�_�d�l�m�j�u�� �l�j�Z�g�k�n�h�j�f�_�j�Z�� �7������
�I�j�_�^�k�l�Z�\�e�_�g�u�� �j�_�a�m�e�v�l�Z�l�u�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h�� �b�k�k�e�_�^�h�\�Z�g�b�y�� �j�m�k�k�d�h�y�a�u�q�g�u�o�� �f�h�^�_�e�_�c��
ruT5-base-�6�3���b���)�5�(�'-T5-SP. 

 
�D�e�x�q�_�\�u�_ �k�e�h�\�Z: �l�j�Z�g�k�n�h�j�f�_�j�� �j�Z�a�j�_�r�_�g�b�_ �d�h�j�_�n�_�j�_�g�p�b�b�� �k�l�j�m�d�l�m�j�g�h�_ 

�i�j�_�^�k�d�Z�a�Z�g�b�_�� �f�Z�r�b�g�g�h�_ �h�[�m�q�_�g�b�_�� �[�h�e�v�r�Z�y �y�a�u�d�h�\�Z�y �f�h�^�_�e�v 
 
�<�\�_�^�_�g�b�_�� �J�Z�a�j�_�r�_�g�b�_ �d�h�j�_�n�_�j�_�g�p�b�b �± 

�a�Z�^�Z�q�Z �h�[�j�Z�[�h�l�d�b �_�k�l�_�k�l�\�_�g�g�h�]�h �y�a�u�d�Z�� 
�a�Z�d�e�x�q�Z�x�s�Z�y�k�y �\ �h�[�g�Z�j�m�`�_�g�b�b �\�k�_�o �\�u�j�Z�`�_�g�b�c �\ 
�l�_�d�k�l�_�� �h�l�g�h�k�y�s�b�o�k�y �d �h�^�g�h�c �b �l�h�c �`�_ �k�m�s�g�h�k�l�b �b�e�b 
�i�h�g�y�l�b�x�� �b �i�h�k�e�_�^�m�x�s�_�_ �b�o �k�\�y�a�u�\�Z�g�b�_�� �>�Z�g�g�Z�y 
�i�j�h�[�e�_�f�Z �b�f�_�_�l �a�g�Z�q�_�g�b�_ �\�h �f�g�h�]�b�o �i�j�b�d�e�Z�^�g�u�o 
�g�Z�i�j�Z�\�e�_�g�b�y�o�� �g�Z�i�j�b�f�_�j�� �i�h�b�k�d�_ �b �h�[�h�[�s�_�g�b�b 
�b�g�n�h�j�f�Z�p�b�b�� �\ �l�h�f �q�b�k�e�_ �h�i�j�_�^�_�e�_�g�b�b �d�h�g�l�_�d�k�l�g�u�o 
�b�^�_�h�e�h�]�_�f [1]. �D�e�Z�k�k�b�q�_�k�d�b�f �i�h�^�o�h�^�h�f �d 
�Z�\�l�h�f�Z�l�b�q�_�k�d�h�f�m �j�Z�a�j�_�r�_�g�b�x �d�h�j�_�n�_�j�_�g�p�b�b �g�Z 
�i�j�h�l�y��̀_�g�b�b �i�h�k�e�_�^�g�b�o �^�_�k�y�l�b�e�_�l�b�c �[�u�e�h 
�h�i�j�_�^�_�e�_�g�b�_ �i�j�b�a�g�Z�d�h�\�� �e�_�d�k�b�q�_�k�d�b�o �b 
�k�b�g�l�Z�d�k�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�o �k�\�y�a�b �f�_�`�^�m 
�n�j�Z�]�f�_�g�l�Z�f�b �l�_�d�k�l�Z�� �I�h�\�u�r�_�g�b�_ �^�h�k�l�m�i�g�h�k�l�b 
�\�u�q�b�k�e�b�l�_�e�v�g�h�c �l�_�o�g�b�d�b �b �i�h�y�\�e�_�g�b�_ �y�a�u�d�h�\�u�o 
�f�h�^�_�e�_�c �f�Z�r�b�g�g�h�]�h �h�[�m�q�_�g�b�y �i�h�k�e�m�`�b�e�h �j�Z�a�\�b�l�b�x 
�g�_�c�j�h�k�_�l�_�\�u�o �f�_�l�h�^�h�\ �j�_�r�_�g�b�y �^�Z�g�g�h�c �a�Z�^�Z�q�b�� 
�[�h�e�v�r�b�g�k�l�\�h �b�a �d�h�l�h�j�u�o �Z�i�j�h�[�b�j�h�\�Z�g�h �^�e�y �l�_�d�k�l�h�\ 
�Z�g�]�e�h�y�a�u�q�g�h�]�h �^�h�f�_�g�Z�� 

�< �j�Z�[�h�l�_ [2] �h�i�b�k�Z�g �f�_�l�h�^ �g�Z �h�k�g�h�\�_ 
�h�i�j�_�^�_�e�_�g�b�y �d�h�j�j�_�e�y�p�b�b �i�Z�j �n�j�Z�]�f�_�g�l�h�\ �l�_�d�k�l�h�\ �k 
�i�h�f�h�s�v�x �l�j�Z�g�k�n�h�j�f�_�j�Z RuRoBERTa-large [3] �b 
�i�j�b�a�g�Z�d�h�\�� �i�h�e�m�q�_�g�g�u�o �\ �o�h�^�_ �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h 
�j�b�l�h�j�b�q�_�k�d�h�]�h �Z�g�Z�e�b�a�Z [4]. �>�j�m�]�h�c �i�h�^�o�h�^ 
�a�Z�d�e�x�q�Z�_�l�k�y �\ �i�h�k�l�j�h�_�g�b�b text-to-text �f�h�^�_�e�_�c�� 
�j�_�Z�e�b�a�m�x�s�b�o �k�l�j�m�d�l�m�j�g�h�_ �i�j�_�^�k�d�Z�a�Z�g�b�_ 
�Z�g�Z�e�b�a�b�j�m�_�f�u�o �n�j�Z�]�f�_�g�l�h�\�� �< �j�Z�[�h�l�_ [5] 
�i�j�_�^�k�l�Z�\�e�_�g�u �j�_�a�m�e�v�l�Z�l�u �i�j�b�f�_�g�_�g�b�y 
�Z�\�l�h�j�_�]�j�_�k�k�b�\�g�h�]�h �k�l�j�m�d�l�m�j�g�h�]�h �i�j�_�^�k�d�Z�a�Z�g�b�y [6] 

�^�e�y �Z�g�g�h�l�b�j�h�\�Z�g�g�u�o �\ �n�h�j�f�Z�l�_ CoNLL [7] 
�j�m�k�k�d�h�y�a�u�q�g�u�o �l�_�d�k�l�h�\�� 

�F�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�_ �k�l�j�m�d�l�m�j�g�h�_ 
�i�j�_�^�k�d�Z�a�Z�g�b�_�� �K�l�j�m�d�l�m�j�g�h�_ �i�j�_�^�k�d�Z�a�Z�g�b�_ �± �k�i�h�k�h�[ 
�k�h�\�f�_�k�l�g�h�]�h �h�l�h�[�j�Z�`�_�g�b�y �k�b�g�l�Z�d�k�b�q�_�k�d�b�o �h�[�t�_�d�l�h�\ 
�b �h�l�g�h�r�_�g�b�c�� �b�f�_�g�h�\�Z�g�g�u�o �k�m�s�g�h�k�l�_�c �b �k�h�[�u�l�b�c�� 
�j�Z�a�f�_�l�d�b �k�_�f�Z�g�l�b�q�_�k�d�b�o �j�h�e�_�c �b �j�Z�a�j�_�r�_�g�b�y 
�d�h�j�_�n�_�j�_�g�p�b�b�� �a�Z�d�e�x�q�Z�x�s�b�c�k�y �\ �i�j�_�h�[�j�Z�a�h�\�Z�g�b�b 
�b�k�o�h�^�g�h�c �l�_�d�k�l�h�\�h�c �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b �\ �g�h�\�m�x �k 
�k�h�o�j�Z�g�_�g�b�_�f �e�_�d�k�b�d�h-�k�b�g�l�Z�d�k�b�q�_�k�d�h�c �k�l�j�m�d�l�m�j�u �b 
�^�h�[�Z�\�e�_�g�b�_�f �^�e�y �d�Z�`�^�h�]�h �j�Z�a�f�_�q�_�g�g�h�]�h �h�[�t�_�d�l�Z 
�^�h�i�h�e�g�b�l�_�e�v�g�h�c �b�g�n�h�j�f�Z�p�b�b�� �Z �l�Z�d�`�_ �k�i�_�p�k�b�f�\�h�e�h�\�� 
�b�^�_�g�l�b�n�b�p�b�j�m�x�s�b�o �_�]�h �]�j�Z�g�b�p�u��  

�I�j�b�f�_�g�_�g�b�_ �k�l�j�m�d�l�m�j�g�h�]�h �i�j�_�^�k�d�Z�a�Z�g�b�y �d�Z�d 
�f�Z�r�b�g�g�h�]�h �i�_�j�_�\�h�^�Z �k �i�h�f�h�s�v�x �b�k�d�m�k�k�l�\�_�g�g�u�o 
�g�_�c�j�h�g�g�u�o �k�_�l�_�c �^�e�y �j�y�^�Z �i�j�b�d�e�Z�^�g�u�o �a�Z�^�Z�q �\ 
�Z�g�]�e�h�y�a�u�q�g�u�o �l�_�d�k�l�Z�o �h�i�b�k�Z�g�h �\ �j�Z�[�h�l�_ [8]. 
�B�k�i�h�e�v�a�h�\�Z�g�b�_ �i�j�_�^�e�h�`�_�g�g�h�]�h �Z�\�l�h�j�Z�f�b �k�l�Z�l�v�b 
�Z�e�n�Z�\�b�l�Z �^�e�y �^�h�i�h�e�g�_�g�b�y �j�m�k�k�d�h�]�h �y�a�u�d�Z 
�g�_�\�h�a�f�h�`�g�h �\�\�b�^�m �k�h�\�i�Z�^�_�g�b�y �k �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�f�b 
�k�b�g�l�Z�d�k�b�q�_�k�d�b�f�b �d�h�g�k�l�j�m�d�p�b�y�f�b ���b�^�_�g�l�b�q�g�h�k�l�v 
�d�h�g�k�l�j�m�d�p�b�b �>�Õ�È�Ó�Ï�Ë�Ð�? �i�j�b�g�y�l�h�f�m �h�l�h�[�j�Z�`�_�g�b�x 
�k�k�u�e�h�d �g�Z �b�k�l�h�q�g�b�d���� �Z �l�Z�d�`�_ �h�l�k�m�l�k�l�\�b�y 
�h�l�h�[�j�Z�`�_�g�b�y �k�k�u�e�h�d �h�[�t�_�d�l�Z �g�Z �k�h�\�h�d�m�i�g�h�k�l�v 
�j�_�n�_�j�_�g�l�h�\�� �>�e�y �j�Z�a�j�_�r�_�g�b�y �w�l�b�o �i�j�h�[�e�_�f �\�\�_�^�_�f 
�f�g�h�`�_�k�l�\�h �k�b�f�\�h�e�h�\ �^�h�i�h�e�g�_�g�g�h�]�h �j�m�k�k�d�h�]�h �y�a�u�d�Z�� 

�EL �<���>�Û�Û�á���Û�Û�?�á�����á�¬�¬�=�á 
�]�^�_ �>�Û�Û �± �g�Z�q�Z�e�h �k�k�u�e�d�b �g�Z �j�_�n�_�j�_�g�l�� 
      ���Û�Û�?�± �h�d�h�g�q�Z�g�b�_ �k�k�u�e�d�b�� 
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     ���� �± �g�Z�q�Z�e�h �j�_�n�_�j�_�g�l�Z�� 
     �¬�¬ �± �h�[�t�_�^�b�g�_�g�b�_ �j�_�n�_�j�_�g�l�h�\�� 

�<�\�_�^�_�f �k�e�_�^�m�x�s�b�_ �^�_�c�k�l�\�b�y�� �i�h�j�h�`�^�Z�x�s�b�_ 
�f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�_ �k�l�j�m�d�l�m�j�g�h�_ �i�j�_�^�k�d�Z�a�Z�g�b�_�� 

�# L �<���O�P�?�á�A�J�@�?�á�?�K�L�U�=�á 
�O�P�?�÷L �S �\ �>�Û�Û�S���á 

�A�J�@�?�÷L �S �\ �S�����9 ���Û�Û�?�á 

�9 L \
�S�5�å �¬�¬ �S�á�á�J P �s

�S�5�á�J L �s
�á 

�?�K�L�U�÷L �S �\ �S�á 
�]�^�_ �S �± �k�e�h�\�h �l�_�d�k�l�Z�� 
      �9 �± �k�i�b�k�h�d �j�_�n�_�j�_�g�l�h�\ �k�e�h�\�Z �S; 
      �O�P�? �± �h�i�_�j�Z�p�b�y �k�h�a�^�Z�g�b�y �g�Z�q�Z�e�Z �k�k�u�e�d�b �g�Z 
�j�_�n�_�j�_�g�l�� 

       �A�J�@�? �± �h�i�_�j�Z�p�b�y �k�h�a�^�Z�g�b�y �d�h�g�p�Z �k�k�u�e�d�b �g�Z 
�j�_�n�_�j�_�g�l�� 
       �?�K�L�U�± �h�i�_�j�Z�p�b�y �d�h�i�b�j�h�\�Z�g�b�y �k�e�h�\�Z�� 

�< �d�Z�q�_�k�l�\�_ �h�[�m�q�Z�x�s�b�o �^�Z�g�g�u�o �\ 
�w�d�k�i�_�j�b�f�_�g�l�_ �b�k�i�h�e�v�a�h�\�Z�e�k�y �d�h�j�i�m�k �d�h�j�_�n�_�j�_�g�p�b�b 
�^�e�y �j�m�k�k�d�h�]�h �y�a�u�d�Z RuCoCo [9], �g�Z �d�h�l�h�j�h�f �[�u�e�b 
�h�[�m�q�_�g�u �k�m�s�_�k�l�\�m�x�s�b�_ �g�_�c�j�h�k�_�l�_�\�u�_ �f�h�^�_�e�b 
�j�Z�a�j�_�r�_�g�b�y�� �D�Z�`�^�u�c �h�[�t�_�d�l �g�Z�[�h�j�Z�� �\�d�e�x�q�Z�x�s�_�]�h 
�l�_�d�k�l�� �k�]�j�m�i�i�b�j�h�\�Z�g�g�u�_ �m�d�Z�a�Z�l�_�e�b �g�Z �g�Z�q�Z�e�v�g�u�_ �b 
�d�h�g�_�q�g�u�_ �k�b�f�\�h�e�u �j�_�n�_�j�_�g�l�h�\�� �\�d�e�x�q�Z�y 
�j�Z�k�s�_�i�e�_�g�g�u�_ �Z�g�l�_�p�_�^�_�g�l�u�� �[�u�e �Z�^�Z�i�l�b�j�h�\�Z�g �\ 
�n�h�j�f�Z�l �©�l�_�d�k�l �± �f�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�_ �k�l�j�m�d�l�m�j�g�h�_ 
�i�j�_�^�k�d�Z�a�Z�g�b�_�ª ���l�Z�[�e�b�p�Z 1), �i�h�e�m�q�_�g�g�u�_ �i�j�b �w�l�h�f 
�i�Z�j�u �[�u�e�b �j�Z�a�[�b�l�u �g�Z �h�[�m�q�Z�x�s�b�c �b �\�Z�e�b�^�Z�p�b�h�g�g�u�c 
�^�Z�l�Z�k�_�l�u�� �\�d�e�x�q�Z�x�s�b�_ 2460 �b 615 �h�[�t�_�d�l�h�\ 
�k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

�L �Z �[ �e �b �p �Z 1  �± �F�h�^�b�n�b�p�b�j�h�\�Z�g�g�h�_ �k�l�j�m�d�l�m�j�g�h�_ �i�j�_�^�k�d�Z�a�Z�g�b�_ 
�<�o�h�^�g�h�c 
�l�_�d�k�l  

�K�h�\�n�_�^ �i�j�_�^�e�h�`�b�e �k�g�b�a�b�l�v �k�d�h�j�h�k�l�v �\ �]�h�j�h�^�_ �^�h 50 �d�b�e�h�f�_�l�j�h�\ �\ �q�Z�k �b 
�\�u�^�Z�\�Z�l�v �i�j�Z�\�Z �k 16 �e�_�l�� �K�h�\�_�l �N�_�^�_�j�Z�p�b�b �m�l�\�_�j�^�b�e �d�h�g�p�_�i�p�b�x 
�n�_�^�_�j�Z�e�v�g�h�]�h �a�Z�d�h�g�Z ���H �^�h�j�h�`�g�h�f �^�\�b�`�_�g�b�b���� �i�h�^�]�h�l�h�\�e�_�g�g�m�x ���?�^�b�g�h�c 
�J�h�k�k�b�_�c���� �H�k�g�h�\�g�m�x �q�Z�k�l�v �^�h�d�m�f�_�g�l�Z �a�Z�c�f�_�l �k�g�b�`�_�g�b�_ �f�Z�d�k�b�f�Z�e�v�g�h�c 
�k�d�h�j�h�k�l�b �^�\�b�`�_�g�b�y �\ �]�h�j�h�^�Z�o�� �a�Z�i�j�_�l �g�Z �b�k�i�h�e�v�a�h�\�Z�g�b�_ �e�_�l�g�b�o �r�b�g �a�b�f�h�c 
�b �k�g�b�`�_�g�b�_ �\�h�a�j�Z�k�l�g�h�c �i�e�Z�g�d�b �i�h�e�m�q�_�g�b�y �i�j�Z�\ �^�h 16 �e�_�l�� 

�<�u�o�h�^�g�h�c 
�l�_�d�k�l 

�>���K�h�\�n�_�^�_�_�K�h�\�n�_�^���@ �i�j�_�^�e�h�`�b�e �k�g�b�a�b�l�v �k�d�h�j�h�k�l�v �\ �]�h�j�h�^�_ �^�h 50 
�d�b�e�h�f�_�l�j�h�\ �\ �q�Z�k �b �\�u�^�Z�\�Z�l�v �i�j�Z�\�Z �k 16 �e�_�l�� �>���K�h�\�_�l �N�_�^�_�j�Z�p�b�b�_�_�K�h�\�n�_�^���@ 
�m�l�\�_�j�^�b�e �>���d�h�g�p�_�i�p�b�x �n�_�^�_�j�Z�e�v�g�h�]�h �a�Z�d�h�g�Z ���H �^�h�j�h�`�g�h�f 
�^�\�b�`�_�g�b�b���_�_�d�h�g�p�_�i�p�b�x �n�_�^�_�j�Z�e�v�g�h�]�h �a�Z�d�h�g�Z ���H �^�h�j�h�`�g�h�f �^�\�b�`�_�g�b�b�����@�� 
�i�h�^�]�h�l�h�\�e�_�g�g�m�x ���?�^�b�g�h�c �J�h�k�k�b�_�c���� �H�k�g�h�\�g�m�x �q�Z�k�l�v 
�>���^�h�d�m�f�_�g�l�Z�_�_�d�h�g�p�_�i�p�b�x �n�_�^�_�j�Z�e�v�g�h�]�h �a�Z�d�h�g�Z ���H �^�h�j�h�`�g�h�f �^�\�b�`�_�g�b�b�����@ 
�a�Z�c�f�_�l �k�g�b�`�_�g�b�_ �f�Z�d�k�b�f�Z�e�v�g�h�c �k�d�h�j�h�k�l�b � �̂\�b�`�_�g�b�y �\ �]�h�j�h�^�Z�o�� �a�Z�i�j�_�l �g�Z 
�b�k�i�h�e�v�a�h�\�Z�g�b�_ �e�_�l�g�b�o �r�b�g �a�b�f�h�c �b �k�g�b�`�_�g�b�_ �\�h�a�j�Z�k�l�g�h�c �i�e�Z�g�d�b �i�h�e�m�q�_�g�b�y 
�i�j�Z�\ �^�h 16 �e�_�l�� 

 
�G�_�c�j�h�k�_�l�_�\�h�_ �f�h�^�_�e�b�j�h�\�Z�g�b�_ 

�k�l�j�m�d�l�m�j�g�h�]�h �i�j�_�^�k�d�Z�a�Z�g�b�y�� �J�Z�k�k�f�Z�l�j�b�\�Z�y 
�i�h�k�l�j�h�_�g�b�_ �k�l�j�m�d�l�m�j�g�h�]�h �i�j�_�^�k�d�Z�a�Z�g�b�y �d�Z�d �a�Z�^�Z�q�m 
�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �l�_�d�k�l�Z �\ �l�_�d�k�l �b �i�j�b�g�b�f�Z�y �\�h 
�\�g�b�f�Z�g�b�_ �\�u�k�h�d�m�x �\�u�q�b�k�e�b�l�_�e�v�g�m�x �k�e�h�`�g�h�k�l�v�� 
�^�Z�g�g�Z�y �a�Z�^�Z�q�Z �f�h�`�_�l �[�u�l�v �j�_�r�_�g�Z �i�j�b �i�h�f�h�s�b 
�i�j�_�^�\�Z�j�b�l�_�e�v�g�h �h�[�m�q�_�g�g�u�o �g�Z �f�Z�k�k�b�\�Z�o 
�j�m�k�k�d�h�y�a�u�q�g�u�o �^�Z�g�g�u�o �f�h�^�_�e�_�c �f�Z�r�b�g�g�h�]�h 
�h�[�m�q�_�g�b�y�� �< �o�h�^�_ �w�d�k�i�_�j�b�f�_�g�l�Z �b�k�k�e�_�^�h�\�Z�e�Z�k�v 
�i�j�b�f�_�g�b�f�h�k�l�v �f�h�^�_�e�_�c �Z�j�o�b�l�_�d�l�m�j�u T5 [10] �± 
�l�j�Z�g�k�n�h�j�f�_�j�Z �k �d�h�^�b�j�h�\�s�b�d�h�f �b �^�_�d�h�^�b�j�h�\�s�b�d�h�f�� 
�\�u�i�h�e�g�y�x�s�b�o �h�[�j�Z�[�h�l�d�m �b�k�o�h�^�g�h�]�h �b �]�_�g�_�j�Z�p�b�x 
�\�u�o�h�^�g�h�]�h �l�_�d�k�l�Z �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 

ruT5 [3] �± �k�_�f�_�c�k�l�\�h �f�h�^�_�e�_�c�� �h�[�m�q�_�g�g�u�o 
�j�_�r�_�g�b�x �a�Z�^�Z�q�b �\�u�y�\�e�_�g�b�y �a�Z�f�Z�k�d�b�j�h�\�Z�g�g�u�o 
�h�[�t�_�d�l�h�\ �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f SentencePiece 
�l�h�d�_�g�b�a�Z�l�h�j�Z �b �h�[�t�_�f�h�f �k�e�h�\�Z�j�y �\ 32�„103 �l�h�d�_�g�h�\�� 

FRED-T5 [3] �\ �h�l�e�b�q�b�_ �h�l ruT5 �b�k�i�h�e�v�a�m�_�l 
�n�m�g�d�p�b�x �Z�d�l�b�\�Z�p�b�b �m�i�j�Z�\�e�y�_�f�h�c �e�b�g�_�c�g�h�c �_�^�b�g�b�p�u 
�h�r�b�[�d�b �=�Z�m�k�k�Z (gated-GeLU) �\�f�_�k�l�h �e�b�g�_�c�g�h�]�h 
�\�u�i�j�y�f�b�l�_�e�y (ReLU) �b Byte-level Byte-Pair Encoding 
(BBPE) �l�h�d�_�g�b�a�Z�l�h�j �f�h�s�g�h�k�l�v�x 5�„104 �l�h�d�_�g�h�\�� 

�<�u�q�b�k�e�b�l�_�e�v�g�u�_ �w�d�k�i�_�j�b�f�_�g�l�u 
�i�j�h�\�h�^�b�e�b�k�v �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �\�b�^�_�h�d�Z�j�l�u NVIDIA  
GeForce RTX 3060 12 GB �i�j�b �j�Z�a�f�_�j�_ �[�Z�l�q�Z �j�Z�\�g�h�]�h 
1, �i�h�a�\�h�e�y�x�s�_�]�h �k�g�b�a�b�l�v �j�_�k�m�j�k�g�u�_ �l�j�_�[�h�\�Z�g�b�y�� 

�I�h�k�d�h�e�v�d�m �^�e�y �j�Z�a�\�_�j�l�u�\�Z�g�b�y �f�e�Z�^�r�_�c �f�h�^�_�e�b 
FRED-T5 �\ �j�_�`�b�f�_ �h�[�m�q�_�g�b�y �l�j�_�[�m�_�l�k�y �[�h�e�_�_ 24 �=�; 
�\�b�^�_�h�i�Z�f�y�l�b�� �^�h�h�[�m�q�_�g�b�_ �f�h�^�_�e�_�c �Z�j�o�b�l�_�d�l�m�j�u 
FRED-T5 �\�h�a�f�h�`�g�h �k �i�j�b�f�_�g�_�g�b�_�f �w�n�n�_�d�l�b�\�g�u�o 
�f�_�l�h�^�h�\ �l�h�g�d�h�c �g�Z�k�l�j�h�c�d�b �i�Z�j�Z�f�_�l�j�h�\ �^�e�y 
�i�j�_�^�\�Z�j�b�l�_�e�v�g�h �h�[�m�q�_�g�g�u�o �y�a�u�d�h�\�u�o �f�h�^�_�e�_�c 
(Parameter-Efficient Fine-Tuning, PEFT) [11], 
�\�d�e�x�q�Z�x�s�b�o �a�Z�f�h�j�h�a�d�m �q�Z�k�l�b �\�_�k�h�\ ���Z�^�Z�i�l�Z�p�b�x 
�g�b�a�d�h�]�h �j�Z�g�]�Z�� low rank adaptation) �b �d�\�Z�g�l�b�a�Z�p�b�x 
�f�h�^�_�e�b�� �i�h�a�\�h�e�y�x�s�m�x �m�f�_�g�v�r�b�l�v �l�j�_�[�m�_�f�u�c �h�[�t�_�f 
�i�Z�f�y�l�b �[�_�a �a�Z�f�_�l�g�h�]�h �k�g�b�`�_�g�b�y �d�Z�q�_�k�l�\�Z �j�Z�[�h�l�u��  

�K�\�h�^�g�Z�y �b�g�n�h�j�f�Z�p�b�y �h�[ �b�k�k�e�_�^�m�_�f�u�o 
�f�h�^�_�e�y�o �b �i�Z�j�Z�f�_�l�j�Z�o �h�[�m�q�_�g�b�y �i�j�_�^�k�l�Z�\�e�_�g�Z �\ 
�l�Z�[�e�b�p�_ 2. 

�F�h�^�_�e�v ruT5-base-SP �^�h�k�l�b�]�e�Z �g�Z�b�\�u�k�r�b�o 
�j�_�a�m�e�v�l�Z�l�h�\ �g�Z 19 �w�i�h�o�m �i�j�b �\�j�_�f�_�g�b �h�[�m�q�_�g�b�y �h�d�h�e�h 
10 �q�Z�k�h�\�� FRED-T5-SP �i�h�k�e�_ 5 �w�i�h�o�b �a�Z 9 �q�Z�k�h�\�� 

�>�e�y �h�p�_�g�d�b �d�Z�q�_�k�l�\�Z �f�h�^�_�e�b �h�[�m�q�_�g�b�y 
�b�k�i�h�e�v�a�h�\�Z�e�Z�k�v �f�_�l�j�b�d�Z LEA [12], �h�p�_�g�b�\�Z�x�s�Z�y 
�d�h�e�b�q�_�k�l�\�h �h�[�g�Z�j�m�`�_�g�g�u�o �k�\�y�a�_�c �f�_�`�^�m 
�j�_�n�_�j�_�g�l�Z�f�b �b �k�k�u�e�d�Z�f�b�� �< �l�Z�[�e�b�p�_ 3 �i�j�_�^�k�l�Z�\�e�_�g�h 
�k�j�Z�\�g�_�g�b�_ �j�_�a�m�e�v�l�Z�l�h�\�� �i�h�e�m�q�_�g�g�u�o �\ �o�h�^�_ 
�w�d�k�i�_�j�b�f�_�g�l�Z�� �k �^�j�m�]�b�f�b �j�m�k�k�d�h�y�a�u�q�g�u�f�b �f�h�^�_�e�y�f�b 
�j�Z�a�j�_�r�_�g�b�y �d�h�j�_�n�_�j�_�g�p�b�b �g�Z �\�Z�e�b�^�Z�p�b�h�g�g�h�f 
�g�Z�[�h�j�_�� 
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�L �Z �[ �e �b �p �Z 2  �± �I�Z�j�Z�f�_�l�j�u �b�k�k�e�_�^�m�_�f�u�o �f�h�^�_�e�_�c 

�F�h�^�_�e�v 
�I�Z�j�Z�f�_�l�j ruT5-base-SP FRED-T5-SP 

�;�Z�a�h�\�Z�y �f�h�^�_�e�v ai-forever/ruT5-base) ai-forever/FRED-T5-1.7B + 
LoRA 

�L�h�d�_�g�b�a�Z�l�h�j Byte-pair encoder Byte-level Byte Pair 
Encoding 

�H�[�t�_�f �k�e�h�\�Z�j�y 32 101 
4 �k�l�j�m�d�l�m�j�g�u�o 

50 257 
107 �k�i�_�p�b�Z�e�v�g�u�o 
4 �k�l�j�m�d�l�m�j�g�u�o 

�Q�b�k�e�h �i�Z�j�Z�f�_�l�j�h�\ �f�h�^�_�e�b 225 199 360 1 748 274 688 
�Q�b�k�e�h �h�[�m�q�Z�_�f�u�o �i�Z�j�Z�f�_�l�j�h�\ 225 199 360 (100 %) 7 908 352 (0,45 %) 

�D�h�e�b�q�_�k�l�\�h �k�e�h�_�\ �d�h�^�b�j�h�\�s�b�d�Z 12 24 
�D�h�e�b�q�_�k�l�\�h �k�e�h�_�\ �^�_�d�h�^�b�j�h�\�s�b�d�Z 12 24 
�H�[�m�q�Z�_�f�u�_ �i�Z�j�Z�f�_�l�j�u �<�k�_ embed_tokens, lm_head, q, v 
LoRA �Ù �± 32 
LoRA r �± 16 
LoRA dropout �± 0.05 
�D�\�Z�g�l�b�n�b�d�Z�p�b�y �± 8 �[�b�l 
�J�Z�a�f�_�j �[�Z�l�q�Z 1 1 
�R�Z�] �h�[�m�q�_�g�b�y 2�„10-5 5�„10-4 
�Q�b�k�e�h �\�o�h�^�g�u�o �l�h�d�_�g�h�\ 1024 1024 
�Q�b�k�e�h �\�u�o�h�^�g�u�o �l�h�d�_�g�h�\ 1300 1300 

 
�L �Z �[ �e �b �p �Z 3  �± �K�j�Z�\�g�_�g�b�_ �d�Z�q�_�k�l�\�Z �j�m�k�k�d�h�y�a�u�q�g�u�o �f�h�^�_�e�_�c 

�G�Z�b�f�_�g�h�\�Z�g�b�_ �f�h�^�_�e�b dev LEA 
�:�\�l�h�j�_�]�j�_�k�k�b�\�g�h�_ �k�l�j�m�d�l�m�j�g�h�_ �i�j�_�^�k�d�Z�a�Z�g�b�_ + ai-forever/ruT5-large [5] 0,791 
FRED-T5-SP 0,776 
RuRoBERTa-large-based + �J�b�l�h�j�b�q�_�k�d�Z�y �^�b�k�l�Z�g�p�b�y [2] 0,736 �“ 0.9 
ruT5-base-SP 0,687 
RuRoBERTa-large [2] 0,684 

 
�<�u�\�h�^�u�� �I�j�b�f�_�g�_�g�b�_ �k�l�j�m�d�l�m�j�g�h�]�h 

�i�j�_�^�k�d�Z�a�Z�g�b�y �i�h�\�u�r�Z�_�l �d�Z�q�_�k�l�\�h �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h 
�j�Z�a�j�_�r�_�g�b�y �d�h�j�_�n�_�j�_�g�p�b�b�� �h�^�g�Z�d�h �j�Z�k�k�f�h�l�j�_�g�g�u�c �\ 
�j�Z�f�d�Z�o �g�Z�k�l�h�y�s�_�c �k�l�Z�l�v�b �n�h�j�f�Z�l �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y 
�l�_�d�k�l�h�\�u�o �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c�� �m�k�l�m�i�Z�_�l �f�h�^�_�e�y�f 
�g�Z �h�k�g�h�\�_ �Z�\�l�h�j�_�]�j�_�k�k�b�\�g�h�]�h �k�l�j�m�d�l�m�j�g�h�]�h 
�i�j�_�^�k�d�Z�a�Z�g�b�y�� 

�K�m�s�_�k�l�\�_�g�g�u�f �g�_�^�h�k�l�Z�l�d�h�f �f�h�^�_�e�_�c 
�i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�_�c �y�\�e�y�_�l�k�y 
�g�b�a�d�Z�y �k�d�h�j�h�k�l�v �b�o �j�Z�[�h�l�u �i�h �k�j�Z�\�g�_�g�b�x �k 
�l�j�Z�g�k�n�h�j�f�_�j�Z�f�b-�d�h�^�b�j�h�\�s�b�d�Z�f�b�� �< �d�Z�q�_�k�l�\�_ 

�^�Z�e�v�g�_�c�r�b�o �g�Z�i�j�Z�\�e�_�g�b�c �b�k�k�e�_�^�h�\�Z�g�b�c �f�h�]�m�l �[�u�l�v 
�j�Z�k�k�f�h�l�j�_�g�u �b�g�u�_ �n�h�j�f�Z�l�u �k�l�j�m�d�l�m�j�g�u�o 
�i�j�_�^�k�d�Z�a�Z�g�b�c�� �i�j�h�\�_�^�_�g�Z �h�p�_�g�d�Z �h�i�l�b�f�Z�e�v�g�h�c �^�e�b�g�u 
�h�[�j�Z�[�Z�l�u�\�Z�_�f�h�c �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �b�k�o�h�^�y �b�a 
�k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h �j�Z�k�k�l�h�y�g�b�y �f�_�`�^�m �j�_�n�_�j�_�g�l�Z�f�b�� 
�h�[�h�]�Z�s�_�g�b�_ �g�Z�[�h�j�h�\ �h�[�m�q�Z�x�s�b�o �^�Z�g�g�u�o �^�e�y 
�i�h�\�u�r�_�g�b�y �d�Z�q�_�k�l�\�Z �j�_�r�_�g�b�y �a�Z�^�Z�q�b �g�Z �p�_�e�_�\�u�o 
�]�j�m�i�i�Z�o �i�h�g�y�l�b�c�� �g�Z�i�j�b�f�_�j�� �d�h�g�l�_�d�k�l�g�u�o 
�b�^�_�h�e�h�]�_�f�Z�o ���l�h �_�k�l�v �h�[�t�_�d�l�h�\�� �k�k�u�e�Z�x�s�b�o�k�y �g�Z 
�l�_�j�f�b�g�u �i�h�e�b�l�b�q�_�k�d�h�]�h �b�e�b �j�_�e�b�]�b�h�a�g�h�]�h 
�o�Z�j�Z�d�l�_�j�Z���� 

 
�K�i�b�k�h�d �b�k�i�h�e�v�a�m�_�f�h�c �e�b�l�_�j�Z�l�m�j�u 
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5 Bolshakov, V. Pseudo-Labelling for 
Autoregressive Structured Prediction in Coreference 
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for Pretrained Language Models: A Critical Review and 
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based Entity Aware Metric / Nafise Sadat Moosavi, 
Michael Strube. �± Text: electronic // Proceedings of the 
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�q�b�k�e�Z �n�h�l�h�h�l�k�q�_�l�h�\�� 

 
�<�\�_�^�_�g�b�_�� �>�e�y �h�p�_�g�d�b �d�h�g�p�_�g�l�j�Z�p�b�b�� 

�o�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�h�c �y�j�d�h�k�l�b�� �^�b�n�n�m�a�b�b �b �^�j�m�]�b�o 
�i�Z�j�Z�f�_�l�j�h�\ �k�e�h�`�g�u�o �f�h�e�_�d�m�e�y�j�g�u�o �d�h�f�i�e�_�d�k�h�\ 
�g�Z�b�[�h�e�_�_ �i�_�j�k�i�_�d�l�b�\�g�u�f�b �y�\�e�y�x�l�k�y �f�_�l�h�^�u 
�n�e�m�h�j�_�k�p�_�g�l�g�h�c �n�e�m�d�l�m�Z�p�b�h�g�g�h�c �k�i�_�d�l�j�h�k�d�h�i�b�b 
���N�N�K�� [1-3]. �G�_�k�h�f�g�_�g�g�u�f �^�h�k�l�h�b�g�k�l�\�h�f �^�Z�g�g�u�o 
�f�_�l�h�^�h�\ �y�\�e�y�_�l�k�y �g�_�b�g�\�Z�a�b�\�g�h�k�l�v�� �^�h�i�m�k�d�Z�x�s�Z�y �b�o 
�i�j�b�f�_�g�_�g�b�_ �d �b�k�k�e�_�^�h�\�Z�g�b�x �f�h�e�_�d�m�e�y�j�g�u�o 
�i�j�h�p�_�k�k�h�\ �\ �`�b�\�u�o �d�e�_�l�d�Z�o�� �B�k�i�h�e�v�a�m�y 
�j�Z�k�i�j�_�^�_�e�_�g�b�_ �q�b�k�e�Z �n�h�l�h�h�l�k�q�_�l�h�\ ���J�Q�N���� 
�a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�g�u�o �\ �l�_�q�_�g�b�_ �d�h�j�h�l�d�h�]�h �b�g�l�_�j�\�Z�e�Z 
�g�Z�[�e�x�^�_�g�b�y�� �f�h�`�g�h �i�j�h�\�h�^�b�l�v �Z�g�Z�e�b�a �k�f�_�k�b 
�\�_�s�_�k�l�\�� �h�l�e�b�q�Z�x�s�b�_�k�y �l�h�e�v�d�h �i�h �b�g�^�_�d�k�m 
�k�l�_�o�b�h�f�_�l�j�b�b ���g�Z�i�j�b�f�_�j�� �k�f�_�k�b �f�h�g�h�f�_�j-�^�b�f�_�j���� �q�l�h 
�i�j�_�^�h�k�l�Z�\�e�y�_�l �\�h�a�f�h�`�g�h�k�l�v �d �b�k�k�e�_�^�h�\�Z�g�b�x 
�i�j�h�p�_�k�k�h�\ �h�e�b�]�h�f�_�j�b�a�Z�p�b�b �k�e�h�`�g�u�o �[�_�e�d�h�\�u�o 
�k�b�k�l�_�f [3]. �K�j�_�^�b �g�Z�b�[�h�e�_�_ �q�Z�k�l�h �b�k�i�h�e�v�a�m�_�f�u�o 
�f�_�l�h�^�h�\ �Z�g�Z�e�b�a�Z �J�Q�N �f�h�`�g�h �\�u�^�_�e�b�l�v �f�_�l�h�^ �Z�g�Z�e�b�a�Z 
�j�Z�k�i�j�_�^�_�e�_�g�b�y �b�g�l�_�g�k�b�\�g�h�k�l�b �n�e�m�h�j�_�k�p�_�g�p�b�b FIDA 
[2] �b �f�_�l�h�^ �Z�g�Z�e�b�a�Z �]�b�k�l�h�]�j�Z�f�f �k�q�_�l�Z �n�h�l�h�g�h�\ PCH 
[1]. �L�_�h�j�_�l�b�q�_�k�d�h�_ �h�[�h�k�g�h�\�Z�g�b�_ �w�l�b�o �f�_�l�h�^�h�\ 
�h�k�g�h�\�Z�g�h �g�Z �b�k�i�h�e�v�a�h�\�Z�g�b�b �Z�i�i�Z�j�Z�l�Z �i�j�h�b�a�\�h�^�y�s�b�o 
�n�m�g�d�p�b�c ���I�N�� �q�b�k�e�Z �n�h�l�h�h�l�k�q�_�l�h�\ [2]. �G�_�^�h�k�l�Z�l�d�h�f 
�^�Z�g�g�u�o �f�_�l�h�^�h�\ �y�\�e�y�_�l�k�y �g�_�\�h�a�f�h�`�g�h�k�l�v 
�b�k�k�e�_�^�h�\�Z�g�b�y �k�b�k�l�_�f �k �g�_�k�l�Z�p�b�h�g�Z�j�g�h�c 
�b�g�l�_�g�k�b�\�g�h�k�l�v�x �n�e�m�h�j�_�k�p�_�g�p�b�b�� �I�j�h�b�a�\�h�^�y�s�Z�y 
�n�m�g�d�p�b�y �k�i�h�k�h�[�g�Z �e�b�r�v �b�k�k�e�_�^�h�\�Z�l�v �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 
�i�h�l�h�d�Z�� �h�k�g�h�\�Z�g�g�u�_ �g�Z �i�h�^�k�q�_�l�_ �d�h�e�b�q�_�k�l�\�Z �k�h�[�u�l�b�c 

�i�h�l�h�d�Z �g�Z �b�g�l�_�j�\�Z�e�_ �g�Z�[�e�x�^�_�g�b�y �[�_�a �m�q�_�l�Z �\�b�^�Z 
�k�Z�f�h�c �b�g�l�_�g�k�b�\�g�h�k�l�b �i�h�l�h�d�Z��  

�>�e�y �h�i�b�k�Z�g�b�y �i�h�l�h�d�h�\ �k�e�m�q�Z�c�g�u�o �k�h�[�u�l�b�c �k 
�i�j�h�b�a�\�h�e�v�g�h�c �b�g�l�_�g�k�b�\�g�h�k�l�v�x �g�Z �b�g�l�_�j�\�Z�e�_ 
�g�Z�[�e�x�^�_�g�b�y �j�Z�a�j�Z�[�h�l�Z�g�Z �l�_�h�j�b�y �i�j�h�b�a�\�h�^�y�s�b�o 
�n�m�g�d�p�b�h�g�Z�e�h�\ ���I�N�E�� [4, 5]. �>�h�k�l�h�b�g�k�l�\�h�f �Z�i�i�Z�j�Z�l�Z 
�I�N�E �y�\�e�y�_�l�k�y �\�h�a�f�h�`�g�h�k�l�v �i�h�e�m�q�Z�l�v 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d�b �i�h�l�h�d�Z �i�m�l�_�f �^�b�n�n�_�j�_�g�p�b�j�h�\�Z�g�b�y 
�I�N�E [4]. �P�_�e�v�x �^�Z�g�g�h�c �j�Z�[�h�l�u �y�\�e�y�_�l�k�y �\�u�\�h�^ �I�N�E 
�i�h�l�h�d�Z �n�h�l�h�h�l�l�k�q�_�l�h�\ �\ �i�j�_�^�i�h�e�h�`�_�g�b�b 
�g�_�k�l�Z�p�b�h�g�Z�j�g�h�c �b�g�l�_�g�k�b�\�g�h�k�l�b �b �i�h�e�m�q�_�g�b�_ 
�\�u�j�Z�`�_�g�b�c �^�e�y �b�g�l�_�g�k�b�\�g�h�k�l�b �i�h�l�h�d�Z�� �Z �l�Z�d�`�_ 
�\�_�j�h�y�l�g�h�k�l�b �h�l�k�m�l�k�l�\�b�y �n�h�l�h�h�l�k�q�_�l�h�\ �b �i�h�e�m�q�_�g�b�y 
�j�h�\�g�h �h�^�g�h�]�h �n�h�l�h�h�l�k�q�_�l�Z �g�Z �b�g�l�_�j�\�Z�e�_ �g�Z�[�e�x�^�_�g�b�y��  

�J�_�a�m�e�v�l�Z�l�u�� �J�Z�k�k�f�h�l�j�b�f �h�[�e�Z�k�l�v D, �\ 
�d�h�l�h�j�h�c �g�Z�o�h�^�y�l�k�y �f�h�e�_�d�m�e�u�� �b�a�e�m�q�Z�x�s�b�_ �n�h�l�h�g�u�� 
�N�h�l�h�g�u �j�_�]�b�k�l�j�b�j�m�x�l�k�y �^�_�l�_�d�l�h�j�h�f �k �h�^�g�h�n�h�l�h�g�g�h�c 
�q�m�\�k�l�\�b�l�_�e�v�g�h�k�l�v�x �b �\ �\�b�^�_ �i�h�l�h�d�Z �n�h�l�h�h�l�k�q�_�l�h�\ 
�k�h�o�j�Z�g�y�x�l�k�y �\ �k�b�k�l�_�f�_�� �>�e�y �h�i�b�k�Z�g�b�y �i�h�l�h�d�Z 
�n�h�l�h�h�l�k�q�_�l�h�\ �[�m�^�_�f �b�k�i�h�e�v�a�h�\�Z�l�v �Z�i�i�Z�j�Z�l 
�i�j�h�b�a�\�h�^�y�s�b�o �n�m�g�d�p�b�h�g�Z�e�h�\ ���I�N�E�� [4, 5]. 
�H�[�h�a�g�Z�q�b�f �q�_�j�_�a �ã�:�P�á���; �b�g�l�_�g�k�b�\�g�h�k�l�v 
�n�e�m�h�j�_�k�p�_�g�p�b�b�� �a�Z�j�_�]�b�k�l�j�b�j�h�\�Z�g�g�u�o �k�b�k�l�_�f�h�c �h�l 
�h�^�g�h�c �f�h�e�_�d�m�e�u�� �g�Z�o�h�^�y�s�_�c�k�y �\ �l�h�q�d�_ �k �j�Z�^�b�m�k 
�\�_�d�l�h�j�h�f r  �\ �h�[�e�Z�k�l�b �a�Z�k�\�_�l�d�b D �\ �f�h�f�_�g�l �\�j�_�f�_�g�b t. 
�B�a�\�_�k�l�g�h�� �q�l�h �i�h�l�h�d �n�h�l�h�h�l�k�q�_�l�h�\�� �i�h�e�m�q�_�g�g�u�c �h�l 
�h�^�b�g�h�q�g�h�c �f�h�e�_�d�m�e�u�� �y�\�e�y�_�l�k�y �i�h�l�h�d�h�f �I�m�Z�k�k�h�g�Z�� 
�I�N�E �d�h�l�h�j�h�]�h �b�f�_�_�l �\�b� ̂[5]: 
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�.�>�Q�â�×�?L �A�T�L[�ì �ã�:�P�á���;�Q�:�P�;�@�P
��

_, 
�]�^�_ �Ÿ = [T0, T0 + T] �b�g�l�_�j�\�Z�e �j�_�]�b�k�l�j�Z�p�b�b�� u(t) �± 
�n�h�j�f�Z�e�v�g�u�c �i�Z�j�Z�f�_�l�j ���i�j�h�[�g�Z�y �n�m�g�d�p�b�y����  

�I�j�_�^�i�h�e�h�`�b�f�� �q�l�h �f�h�e�_�d�m�e�Z �f�h�`�_�l 
�k�\�h�[�h�^�g�h �\�o�h�^�b�l�v �b �i�h�d�b�^�Z�l�v �h�k�\�_�s�_�g�g�u�c �h�[�t�_�f 
�\�k�e�_�^�k�l�\�b�_ �[�j�h�m�g�h�\�k�d�h�]�h �^�\�b�`�_�g�b�y�� �L�h�]�^�Z 
�\�_�j�h�y�l�g�h�k�l�v �h�[�g�Z�j�m�`�b�l�v �f�h�e�_�d�m�e�m �\ �g�_�d�h�l�h�j�h�c �l�h�q�d�_ 
�h�[�e�Z�k�l�b D �h�[�j�Z�l�g�Z �i�j�h�i�h�j�p�b�h�g�Z�e�v�g�Z �\�_�e�b�q�b�g�_ 
�h�[�t�_�f�Z �8�½ L �ì �@��

�½
 �h�[�e�Z�k�l�b D �b �I�N�E �i�h�l�h�d�Z �[�m�^�_�l 

�i�j�_��̂k�l�Z�\�e�y�l�v �k�h�[�h�c �k�m�i�_�j�i�h�a�b�p�b�x �i�h�l�h�d�h�\ �h�l �\�k�_�o 
�\�h�a�f�h�`�g�u�o �i�h�e�h�`�_�g�b�c �f�h�e�_�d�m�e�u �\ �h�[�e�Z�k�l�b D 

�.�>�Q�â�×�?L �ì �A�T�L[�ì �ã�:�P�á���;�Q�:�P�;�@�P
��

_
�½

�5

�Ï �µ
�@��. (1) 

�?�k�e�b �\ �h�[�e�Z�k�l�b D �g�Z�o�h�^�b�l�k�y k �f�h�e�_�d�m�e�� 
�d�Z�`�^�Z�y �b�a �d�h�l�h�j�u�o �]�_�g�_�j�b�j�m�_�l �g�_�a�Z�\�b�k�b�f�u�c �i�h�l�h�d 
�k�h�[�u�l�b�c�� �l�h �I�N�E �j�_�a�m�e�v�l�b�j�m�x�s�_�]�h �i�h�l�h�d�Z 
�i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �g�Z�e�h�`�_�g�b�_ �i�h�l�h�d�h�\�� �i�j�b �d�h�l�h�j�h�f 
�i�j�h�b�a�\�h�^�b�l�k�y �m�f�g�h�`�_�g�b�_ �i�Z�j�p�b�Z�e�v�g�u�o �I�N�E (1) [5] 

�.�>�Q�â�×�?L Ñ ± �A�T�L�J± �ã�:�P�á���;�Q�:�P�;�@�P
��

�K
�½

�s

�8�½
�@��

�Þ

�Ü�@�5

L 

����������L���B�ì �A�T�L[�ì �ã�:�P�á���;�Q�:�P�;�@�P
��

_
�½

�5

�Ï �µ
�@���C

�Þ
.  

�M�q�b�l�u�\�Z�y�� �q�l�h �q�b�k�e�h �f�h�e�_�d�m�e �æ �\ �h�l�d�j�u�l�h�f 
�h�[�t�_�f�_ D �i�h�^�q�b�g�y�_�l�k�y �j�Z�k�i�j�_�^�_�e�_�g�b�x �I�m�Z�k�k�h�g�Z  

�2�<�æL �E�=L �A�?�Ç�Ç
�Ô

�Ü�è
�á�x�EL �r�á�s�á�ä�ä�ä,  

�l�h �j�_�a�m�e�v�l�b�j�m�x�s�b�c �I�N�E �i�j�b�f�_�l �\�b� ̂ 
�.�>�Q�â�×�?L

������������������������������������������L �A�T�L�D�0 �B�ì �A�T�L[�ì �ã�:�P�á���;�Q�:�P�;�@�P
��

_
�½

�5

�Ï �µ
�@�� F

������������������������������������������F�ì
�5

�Ï �µ�½
�@���C�E�á  

�]�^�_ �0 �k�j�_�^�g�_�_ �q�b�k�e�h �f�h�e�_�d�m�e �\ D. �I�h�k�e�_�^�g�_�_ �f�h�`�g�h 
�i�_�j�_�i�b�k�Z�l�v �d�Z�d  

�.�>�Q�â�×�?L �A�T�L[�Ô�ì c�A�T�L[�ì �ã�:�P�á���;�Q�:�P�;�@�P
��

_F
�½

��������������������������������������������������������������F���sg�@��_�á (2) 
�]�^�_ �?L �0 �8�½W  �± �d�h�g�p�_�g�l�j�Z�p�b�y �f�h�e�_�d�m�e �± �k�j�_�^�g�_�_ 
�q�b�k�e�h �f�h�e�_�d�m�e �\ �_�^�b�g�b�p�_ �h�[�t�_�f�Z��  

�I�m�k�l�v �b�g�l�_�g�k�b�\�g�h�k�l�v �ã�:�P�á���; �y�\�e�y�_�l�k�y 
�k�l�Z�p�b�h�g�Z�j�g�h�c�� �L�h�]�^�Z 

�ã�:�P�á���; L �M�$�:���;, 
�]�^�_ q �o�Z�j�Z�d�l�_�j�b�k�l�b�q�_�k�d�Z�y �y�j�d�h�k�l�v �f�h�e�_�d�m�e�u�� �j�Z�\�g�Z�y 
�i�j�h�b�a�\�_�^�_�g�b�x �b�g�l�_�g�k�b�\�g�h�k�l�b �a�Z�k�\�_�l�d�b �\ �n�h�d�m�k�_�� 
�d�\�Z�g�l�h�\�h�]�h �\�u�o�h�^�Z �f�h�e�_�d�m�e�u�� �d�h�w�n�n�b�p�b�_�g�l�Z 
�w�d�k�l�b�g�d�p�b�b �b �w�n�n�_�d�l�b�\�g�h�k�l�b �k�b�k�l�_�f�u �j�_�]�b�k�l�j�Z�p�b�b�� �Z 
B(r ) �n�m�g�d�p�b�y �i�j�h�n�b�e�y �a�Z�k�\�_�l�d�b�� �I�j�b �h�^�g�h�n�h�l�h�g�g�h�f 
�\�h�a�[�m�`�^�_�g�b�b �n�e�m�h�j�_�k�p�_�g�p�b�b B(r ) �o�h�j�h�r�h 
�Z�i�i�j�h�d�k�b�f�b�j�m�_�l�k�y �]�Z�m�k�k�h�\�h�c �n�m�g�d�p�b�_�c �\�b�^�Z 
���������������������������������������$�À�:���; L �$�À�:�T�á�U�á�V�; L

��������������������������������������������������������������������������������L���$�4�A�T�L�@
�?�6�:�ë�. �>�ì �. �;

� �,
�. F �t

�í�.

�í�,
�.�A, (3) 

�]�^�_ �ñ�4 �b �V�4 �o�Z�j�Z�d�l�_�j�b�a�m�_�l �i�Z�^�_�g�b�_ �b�g�l�_�g�k�b�\�g�h�k�l�b 
�n�e�m�h�j�_�k�p�_�g�p�b�b �k�h�h�l�\�_�l�k�l�\�_�g�g�h �\ �i�h�i�_�j�_�q�g�h�f �b 
�Z�d�k�b�Z�e�v�g�h�f �g�Z�i�j�Z�\�e�_�g�b�b �b B0 = B(0) [1]. �>�e�y 
�k�l�Z�p�b�h�g�Z�j�g�u�o �i�h�l�h�d�h�\ �f�h�`�_�f �i�h�e�h�`�b�l�v T0 = 0. 
�I�h�e�m�q�b�f 

�������������.�>�Q�â�×�?L �A�T�L�D�?�ì �B�A�T�L�D�ì �M�$�:���;�Q�:�P�;�@�P
�Í

�4
�EF

�½

����������������������������������������������������F�s�C�@���E. (4) 

�I�j�h�b�a�\�h�^�y�s�Z�y �n�m�g�d�p�b�y ���I�N�� �q�b�k�e�Z �k�h�[�u�l�b�c 
�i�h�l�h�d�Z �b�f�_�_�l �\�b� ̂[5] 

�) �:�V�; L �æ�V�á�ç�á L �Ã �2�:�J�;�V�á�’
�á�@�4 ,  

�]�^�_ �2�:�J�; �± �\�_�j�h�y�l�g�h�k�l�v �\�u�i�Z�^�_�g�b�y �g�Z �  �j�h�\�g�h n �l�h�q�_�d 
�i�h�l�h�d�Z �b z - �g�_�d�h�l�h�j�Z�y �\�k�i�h�f�h�]�Z�l�_�e�v�g�Z�y �i�_�j�_�f�_�g�g�Z�y�� 
�r Q�VQ�s . �I�N �k�\�y�a�Z�g�Z �k �I�N�E �\�u�j�Z�`�_�g�b�_�f [5] 

�) �:�V�; L ���.�>�VF �s�â�×�?�ä  
�H�l�k�x�^�Z �k�e�_�^�m�_�l�� �q�l�h �k �m�q�_�l�h�f (4) �I�N �i�h�l�h�d�Z 

�[�m�^�_�l �b�f�_�l�v �\�b� ̂ 
�) �:�V�; L �A�T�L[�?�ì �>�A�T�L�<�M�6�$�:���;�:�VF �s�;�=F

�½

������������������������������������������������������F�s�?�@��_�á (5) 
�q�l�h �k�h�\�i�Z�^�Z�_�l �k �\�u�j�Z�`�_�g�b�_�f�� �i�h�e�m�q�_�g�g�u�f �j�Z�g�_�_ �\ 
�j�Z�[�h�l�_ [2]. �K�h�h�l�\�_�l�k�l�\�_�g�g�h�� �i�h�e�m�q�Z�_�f �i�h�e�g�h�_ 
�k�h�h�l�\�_�l�k�l�\�b�_ �\�u�\�_�^�_�g�g�h�c �l�_�h�j�b�b �k �l�_�h�j�b�_�c �f�_�l�h�^�Z 
FIDA [2], �j�Z�a�j�Z�[�h�l�Z�g�g�h�c �^�e�y �Z�g�Z�e�b�a�Z �J�Q�N 
�k�l�Z�p�b�h�g�Z�j�g�u�o �k�b�k�l�_�f�� �I�j�h�\�_�j�d�Z �.�>�Q�â�×�?���è�@�4 L �s [5] 
�l�Z�d�`�_ �\�u�i�h�e�g�y�_�l�k�y�� �q�l�h �k�\�b�^�_�l�_�e�v�k�l�\�m�_�l �h 
�k�i�j�Z�\�_�^�e�b�\�h�k�l�b �k�^�_�e�Z�g�g�u�o �\�u�d�e�Z�^�h�d�� 

�< �d�Z�q�_�k�l�\�_ �i�j�b�f�_�j�Z �b�k�i�h�e�v�a�h�\�Z�g�b�y �I�N�E 
�g�Z�c�^�_�f �\�u�j�Z�`�_�g�b�y �^�e�y �b�g�l�_�g�k�b�\�g�h�k�l�b �i�h�l�h�d�Z �b 
�\�_�j�h�y�l�g�h�k�l�_�c �i�h�e�m�q�_�g�b�y 0 �b 1 �n�h�l�h�h�l�k�q�_�l�Z �g�Z 
�b�g�l�_�j�\�Z�e�_ �j�_�]�b�k�l�j�Z�p�b�b �×. �<�g�Z�q�Z�e�_ �g�Z�c�^�_�f 
�\�u�j�Z�`�_�g�b�_ �^�e�y �2�:�r�; L �è�4�:�×�; L �.�>�Q�á�×�?���è�@�?�5 [5], 
�i�j�_�^�k�l�Z�\�e�y�x�s�_�_ �k�h�[�h�c �\�_�j�h�y�l�g�h�k�l�v �h�l�k�m�l�k�l�\�b�y 
�n�h�l�h�h�l�k�q�_�l�h�\ �g�Z �b�g�l�_�j�\�Z�e�_ �j�_�]�b�k�l�j�Z�p�b�b �× 
���������������������������è�4�:�×�; L �A�T�L[�?�ì �>�A�T�L�<F�M�6�$�:���;�=F �s�?

�½
�@��_�ä (6) 

�J�Z�a�e�h�`�b�f �w�d�k�i�h�g�_�g�l�m �i�h� ̂ �b�g�l�_�]�j�Z�e�h�f �\ 
�\�u�j�Z�`�_�g�b�b (6) �\ �j�y� ̂�F�Z�d�e�h�j�_�g�Z 

�è�4�:�×�; L �A�T�L�D�?�Ã
�:�?�ä�Í�;�Ô�� �Ô

�Ü�è
�¶
�Ü�@�5 �E�á (7) 

�]�^�_ �ï�ÜL �ì �$�Ü�:���;�@��
�Ï

.  
�K�^�_�e�Z�_�f �i�_�j�_�o�h�^ �h�l �d�h�g�p�_�g�l�j�Z�p�b�b �d �d�h�e�b�q�_�k�l�\�m 
�f�h�e�_�d�m�e �\ �w�n�n�_�d�l�b�\�g�h�f �h�[�t�_�f�_ �8�Ø�Ù�ÙL �ï�5

�6 �ï�6�¤ , 
Neff = �k�9eff, �l�j�Z�^�b�p�b�h�g�g�h �b�k�i�h�e�v�a�m�_�f�h�f �\ �N�N�K [3] 

�è�4�:�×�; L �A�T�L�D�?�Ã
�:�?�ä�Í�;�Ô�� �Ô

�Ü�è
�¶
�Ü�@�5 �EL

����������������������������������������������������������L �A�T�L�D�Û�6�0�Ø�Ù�Ù�Ã
�
 �Ô�:�?�ä�Í�;�Ô

�Ü�è
�¶
�Ü�@�5 �E, (8) 

�]�^�_ �Û�ÜL �ï�Ü �ï�5�¤ ���l�Z�d �g�Z�a�u�\�Z�_�f�u�_ �]�_�h�f�_�l�j�b�q�_�k�d�b�_ 
�n�Z�d�l�h�j�u �i�j�h�n�b�e�y �a�Z�k�\�_�l�d�b �j�Z�\�g�u�_ �s �E�7 �6�¤�¤  �^�e�y 
�]�Z�m�k�h�\�k�d�h�c �Z�i�i�j�h�d�k�b�f�Z�p�b�b B(r ) �\�b�^�Z (3).  

�>�e�y �\�u�\�h�^�Z �\�u�j�Z�`�_�g�b�c �^�e�y �b�g�l�_�g�k�b�\�g�h�k�l�b �b 
�\�_�j�h�y�l�g�h�k�l�b �i�h�e�m�q�_�g�b�y 1 �n�h�l�h�h�l�k�q�_�l�Z �g�Z �b�g�l�_�j�\�Z�e�_ 
�j�_�]�b�k�l�j�Z�p�b�b �× �g�Z�f �i�h�l�j�_�[�m�_�l�k�y �g�Z�c�l�b �i�_�j�\�m�x 
�n�m�g�d�p�b�h�g�Z�e�v�g�m�x �i�j�h�b�a�\�h�^�g�m�x �h�l �I�N�E (4) [5]. 
�I�h�e�m�q�b�f 

����
�Ü�.�>�Q�á�×�?

�Ü�Q�:�P�;
L �.�>�Q�á�×�?H���������������������������������������������������������������� 

��������������������������������������������������������H�?�ì �A�T�L�D�ì �M�$�:���;�Q�:�P�;�@�P
�Í

�4
�E

�½
�M�$�:���;�@��. 

�B�g�l�_�g�k�b�\�g�h�k�l�v �i�h�l�h�d�Z [5] �i�j�b�f�_�l �\�b� ̂

�B�5�:�P�; L
���Å�>�è�á�� �?

���è�:�ç�;
�Z
�è�@�4

L �…�M�ì �$�:���;�@��
�½

�ä  

�K�^�_�e�Z�\ �i�_�j�_�o�h�^ �h�l �d�h�g�p�_�g�l�j�Z�p�b�b �d �q�b�k�e�m 
�f�h�e�_�d�m�e �\ �w�n�n�_�d�l�b�\�g�h�f �h�[�t�_�f�_�� �i�h�e�m�q�b�f �o�h�j�h�r�h 
�b�a�\�_�k�l�g�m�x �n�h�j�f�m�e�m [6] 

O�J PL �B�5�:�P�;�6L �Û�6�0�Ø�Ù�Ù�M�6, (9) 
�q�l�h �l�Z�d�`�_ �i�h�^�l�\�_�j�`�^�Z�_�l �k�i�j�Z�\�_�^�e�b�\�h�k�l�v �j�Z�k�q�_�l�h�\�� 

�<�_�j�h�y�l�g�h�k�l�v���i�h�e�m�q�_�g�b�y���j�h�\�g�h�������n�h�l�h�h�l�k�q�_�l�Z��
�g�Z�� �\�k�_�f�� �b�g�l�_�j�\�Z�e�_�� �j�_�]�b�k�l�j�Z�p�b�b���×�� �f�h�`�g�h�� �g�Z�c�l�b�� �g�Z��
�h�k�g�h�\�_�� �i�_�j�\�h�c�� �n�m�g�d�p�b�h�g�Z�e�v�g�h�c�� �i�j�h�b�a�\�h�^�g�h�c����
�i�h�e�h�`�b�\���i�j�h�[�g�m�x���n�m�g�d�p�b�x���j�Z�\�g�h�c���±1 [5] 

�è�5�:�P�á�×�; L
���Å�>�è�á�� �?

���è�:�ç�;
�Z
�è�@�?�5

L

����������������������������������������L�4 �:�×�;�?�ì �A�T�L�<F�M�6�$�:���;�=
�½

�M�$�:���;�@��. (10) 
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�J�Z�a�e�h�`�b�f�� �Z�g�Z�e�h�]�b�q�g�h�� ��7���� �w�d�k�i�h�g�_�g�l�m���i�h�^��
�a�g�Z�d�h�f���b�g�l�_�]�j�Z�e�Z���\���\�u�j�Z�`�_�g�b�b����10�����\���j�y�^���F�Z�d�e�h�j�_�g�Z 

���è�5�:�P�á�×�; L �è�4�:�×�;�?± Í
kF�M�6�$�:���;o

�Ü

�E�è

�¶

�Ü�@�4�½
�M�$�:���;�@�� L 

����������������������������L �è�4�:�×�;�Û�6�0�Ø�Ù�ÙÍ
�Û�Ü�>�5�:F�s�;�Ü�:�M�6�;�Ü�>�5

�6�E�è

�¶

�Ü�@�4
�ä 

�<�_�j�h�y�l�g�h�k�l�v �è�5�:�P�á�×�; (11) �g�_ �a�Z�\�b�k�b�l �h�l 
�\�j�_�f�_�g�b �b�� �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �b�f�_�_�l �j�Z�\�g�h�f�_�j�g�h�_ 
�j�Z�k�i�j�_�^�_�e�_�g�b�_ �g�Z �b�g�l�_�j�\�Z�e�_ �g�Z�[�e�x�^�_�g�b�y�� 
�<�_�j�h�y�l�g�h�k�l�v �i�h�e�m�q�_�g�b�y �h�^�g�h�]�h �n�h�l�h�h�l�k�q�_�l�Z �f�h�`�g�h 
�i�h�e�m�q�b�l�v�� �i�j�h�b�g�l�_�]�j�b�j�h�\�Z�\ �i�h�e�m�q�_�g�g�h�_ �\�u�j�Z�`�_�g�b�_ 
�i�h �b�g�l�_�j�\�Z�e�m �g�Z�[�e�x�^�_�g�b�y �×  

�������������������:�s�; L �ì �è�5�:�P�á�×�;�@�PL
�Í

�4

������������������������������������L �è�4�:�×�;�Û�6�0�Ø�Ù�Ù�Ã
�
 �Ô�6�-�:�?�5�;�Ô�:�ä�Í�;�Ô�6�-

�Ü�è
�¶
�Ü�@�4 .          (11) 

�>�e�y �h�p�_�g�d�b �d�h�j�j�_�d�l�g�h�k�l�b �k�^�_�e�Z�g�g�u�o 
�\�u�d�e�Z�^�h�d �[�u�e�h �i�j�h�\�_�^�_�g�h �b�f�b�l�Z�p�b�h�g�g�h�_ 
�f�h�^�_�e�b�j�h�\�Z�g�b�_ �i�h�l�h�d�Z �n�h�l�h�h�l�k�q�_�l�h�\ �i�h �Z�e�]�h�j�b�l�f�m�� 
�b�a�e�h�`�_�g�g�h�f�m �\ �j�Z�[�h�l�_ [7]. �I�Z�j�Z�f�_�l�j�u 
�f�h�^�_�e�b�j�h�\�Z�g�b�y �k�e�_�^�m�x�s�b�_�� q � ���î����5, T = 2�î10-5 c, Neff 
= 1. �Q�b�k�e�h �b�g�l�_�j�\�Z�e�h�\ �j�_�]�b�k�l�j�Z�p�b�b 105. �K�j�_�^�g�b�_ 
�a�g�Z�q�_�g�b�y �b �k�l�Z�g�^�Z�j�l�g�u�_ �h�l�d�e�h�g�_�g�b�y �h�p�_�g�h�d 
�b�g�l�_�g�k�b�\�g�h�k�l�b �i�h�l�h�d�Z �b �\�_�j�h�y�l�g�h�k�l�_�c �h�l�k�m�l�k�l�\�b�y 
�n�h�l�h�h�l�k�q�_�l�h�\ �b �i�h�e�m�q�_�g�b�y 1 �n�h�l�h�h�l�k�q�_�l�Z �g�Z 
�b�g�l�_�j�\�Z�e�_ �g�Z�[�e�x�^�_�g�b�y�� �g�Z�c�^�_�g�g�u�_ �g�Z �h�k�g�h�\�_ 100 
�i�h�\�l�h�j�_�g�b�c �w�d�k�i�_�j�b�f�_�g�l�Z �b �\�u�q�b�k�e�_�g�g�u�_ �i�h 
�n�h�j�f�m�e�Z�f (9), (8) �b (11) �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� 
�i�j�_�^�k�l�Z�\�e�_�g�u �\ �l�Z�[�e�b�p�_ 1.  

�L �Z �[ �e �b �p �Z 1  �± �H�p�_�g�d�b �b �l�_�h�j�_�l�b�q�_�k�d�b�_ �a�g�Z�q�_�g�b�y �o�Z�j�Z�d�l�_�j�b�k�l�b�d �i�h�l�h�d�Z 
 �K�j�_�^�g�_�_ �b �k�l�� �h�l�d�e�� �h�p�_�g�d�b �L�_�h�j�_�l�b�q�_�k�d�h�_ 

�a�g�Z�q�_�g�b�_ 
�B�g�l�_�g�k�b�\�g�h�k�l�v �i�h�l�h�d�Z 0,7072�“0,0034 0,7071 
�<�_�j�h�y�l�g�h�k�l�v �h�l�k�m�l�k�l�\�b�y �n�h�l�h�h�l�k�q�_�l�h�\ 
�g�Z �b�g�l�_�j�\�Z�e�_ �j�_�]�b�k�l�j�Z�p�b�b 

0,5914�“0,0015 0,5915 

�<�_�j�h�y�l�g�h�k�l�v �i�h�e�m�q�_�g�b�y 1 �n�h�l�h�h�l�k�q�_�l�Z 
�g�Z �b�g�l�_�j�\�Z�e�_ �j�_�]�b�k�l�j�Z�p�b�b 

0,2329�“0,0014 0,2328 

 
�A�Z�d�e�x�q�_�g�b�_�� �I�h�e�m�q�_�g�h �\�u�j�Z�`�_�g�b�_ �^�e�y 

�I�N�E �i�h�l�h�d�Z �n�h�l�h�h�l�k�q�_�l�h�\ �\ �N�N�K�� �>�h�k�l�h�b�g�k�l�\�h�f 
�\�u�\�_�^�_�g�g�h�]�h �\�u�j�Z�`�_�g�b�y �y�\�e�y�_�l�k�y �\�h�a�f�h�`�g�h�k�l�v 
�b�k�k�e�_�^�h�\�Z�g�b�y �k�b�k�l�_�f �k �g�_�k�l�Z�p�b�h�g�Z�j�g�h�c 
�b�g�l�_�g�k�b�\�g�h�k�l�v�x �i�h�l�h�d�Z �g�Z �b�g�l�_�j�\�Z�e�_ �j�_�]�b�k�l�j�Z�p�b�b�� 

�G�Z �h�k�g�h�\�_ �I�N�E �g�Z�c�^�_�g�u �\�u�j�Z�`�_�g�b�y �^�e�y 
�b�g�l�_�g�k�b�\�g�h�k�l�b �i�h�l�h�d�Z�� �Z �l�Z�d�`�_ �\�_�j�h�y�l�g�h�k�l�_�c 
�i�h�e�m�q�_�g�b�y 0 �b 1 �n�h�l�h�h�l�k�q�_�l�Z �g�Z �b�g�l�_�j�\�Z�e�_ 
�j�_�]�b�k�l�j�Z�p�b�b�� �D�h�j�j�_�d�l�g�h�k�l�v �i�h�e�m�q�_�g�g�u�o �\�u�j�Z�`�_�g�b�c 
�i�j�h�\�_�j�_�g�Z �g�Z �k�f�h�^�_�e�b�j�h�\�Z�g�g�u�o �^�Z�g�g�u�o�� 
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IDF, N-�]�j�Z�f�f�u 
 
�< �k�h�\�j�_�f�_�g�g�h�f �f�b�j�_ �_�`�_�^�g�_�\�g�h �i�h�y�\�e�y�_�l�k�y 

�h�]�j�h�f�g�u�c �h�[�t�_�f �g�h�\�h�c �l�_�d�k�l�h�\�h�c �b�g�n�h�j�f�Z�p�b�b �± �h�l 
�g�h�\�h�k�l�g�u�o �k�l�Z�l�_�c �^�h �g�Z�m�q�g�u�o �i�m�[�e�b�d�Z�p�b�c �b 
�x�j�b�^�b�q�_�k�d�b�o �^�h�d�m�f�_�g�l�h�\�� �>�e�y �w�n�n�_�d�l�b�\�g�h�]�h 
�Z�g�Z�e�b�a�Z �b �b�k�i�h�e�v�a�h�\�Z�g�b�y �w�l�h�]�h �f�Z�l�_�j�b�Z�e�Z 
�g�_�h�[�o�h�^�b�f�h �j�Z�a�j�Z�[�Z�l�u�\�Z�l�v �k�b�k�l�_�f�u �Z�\�l�h�f�Z�l�b�q�_�k�d�h�c 
�h�[�j�Z�[�h�l�d�b �l�_�d�k�l�h�\�� 

�H�^�g�b�f �b�a �h�k�g�h�\�g�u�o �f�_�l�h�^�h�\ �Z�g�Z�e�b�a�Z �l�_�d�k�l�h�\ 
�y�\�e�y�_�l�k�y �q�Z�k�l�h�l�g�u�c �i�h�^�o�h�^�� �i�h�a�\�h�e�y�x�s�b�c �\�u�y�\�e�y�l�v 
�a�g�Z�q�b�f�u�_ �w�e�_�f�_�g�l�u �l�_�d�k�l�Z�� �h�i�j�_�^�_�e�y�l�v �_�]�h �l�_�f�Z�l�b�d�m 
�b �k�l�j�m�d�l�m�j�b�j�h�\�Z�l�v �k�h�^�_�j�`�Z�g�b�_�� �W�l�h�l �f�_�l�h�^ 
�h�k�g�h�\�u�\�Z�_�l�k�y �g�Z �k�l�Z�l�b�k�l�b�q�_�k�d�h�f �Z�g�Z�e�b�a�_ �q�Z�k�l�h�l�u 
�i�h�y�\�e�_�g�b�y �k�e�h�\ �b �k�e�h�\�h�k�h�q�_�l�Z�g�b�c�� �q�l�h �^�_�e�Z�_�l �_�]�h 
�g�_�a�Z�f�_�g�b�f�u�f �^�e�y �\�u�i�h�e�g�_�g�b�y �[�Z�a�h�\�u�o �a�Z�^�Z�q 
�h�[�j�Z�[�h�l�d�b �l�_�d�k�l�h�\�u�o �^�Z�g�g�u�o�� �l�Z�d�b�o �d�Z�d 
�d�e�Z�k�k�b�n�b�d�Z�p�b�y�� �\�u�^�_�e�_�g�b�_ �d�e�x�q�_�\�u�o �k�e�h�\ �b 
�k�h�a�^�Z�g�b�_ �Z�g�g�h�l�Z�p�b�c [1]. 

�Q�Z�k�l�h�l�g�u�c �Z�g�Z�e�b�a �g�Z�o�h�^�b�l �i�j�b�f�_�g�_�g�b�_ �\ 
�j�Z�a�e�b�q�g�u�o �h�[�e�Z�k�l�y�o�� �\�d�e�x�q�Z�y �g�Z�m�d�m�� �[�b�a�g�_�k�� 
�x�j�b�k�i�j�m�^�_�g�p�b�x �b �b�k�d�m�k�k�l�\�_�g�g�u�c �b�g�l�_�e�e�_�d�l�� �< 
�k�h�q�_�l�Z�g�b�b �k �l�Z�d�b�f�b �f�_�l�h�^�Z�f�b�� �d�Z�d TF-IDF �b 
�l�_�f�Z�l�b�q�_�k�d�h�_ �f�h�^�_�e�b�j�h�\�Z�g�b�_�� �q�Z�k�l�h�l�g�u�c �Z�g�Z�e�b�a 
�f�h�`�_�l �[�u�l�v �b�k�i�h�e�v�a�h�\�Z�g �^�e�y �k�h�a�^�Z�g�b�y 
�b�g�l�_�e�e�_�d�l�m�Z�e�v�g�u�o �k�b�k�l�_�f�� �k�i�h�k�h�[�g�u�o �\�u�i�h�e�g�y�l�v 
�[�h�e�_�_ �k�e�h�`�g�u�_ �a�Z�^�Z�q�b�� �l�Z�d�b�_ �d�Z�d �Z�g�Z�e�b�a �l�h�g�Z�e�v�g�h�k�l�b 
�l�_�d�k�l�Z �b�e�b �]�_�g�_�j�Z�p�b�y �d�j�Z�l�d�b�o �j�_�a�x�f�_ [2]. 

�I�j�h�p�_�k�k �q�Z�l�h�l�g�h�]�h �Z�g�Z�e�b�a�Z �\�d�e�x�q�Z�_�l 
�g�_�k�d�h�e�v�d�h �w�l�Z�i�h�\�� 

�± �k�[�h�j �b �i�h�^�]�h�l�h�\�d�Z �^�Z�g�g�u�o�� �G�Z �w�l�h�f �w�l�Z�i�_ 
�l�_�d�k�l�h�\�u�c �d�h�j�i�m�k �k�h�[�b�j�Z�_�l�k�y �b�a �j�Z�a�g�h�h�[�j�Z�a�g�u�o 
�b�k�l�h�q�g�b�d�h�\ �b �h�q�b�s�Z�_�l�k�y�� �H�q�b�s�_�g�g�u�c �l�_�d�k�l 
�l�h�d�_�g�b�a�b�j�m�_�l�k�y�� �q�l�h �h�a�g�Z�q�Z�_�l �j�Z�a�^�_�e�_�g�b�_ �g�Z �k�e�h�\�Z �b 
�n�j�Z�a�u�� �i�j�b �w�l�h�f �m�^�Z�e�y�x�l�k�y �k�l�h�i-�k�e�h�\�Z �²  �q�Z�k�l�h 
�\�k�l�j�_�q�Z�x�s�b�_�k�y �k�e�h�\�Z�� �g�_ �g�_�k�m�s�b�_ �k�f�u�k�e�h�\�h�c 
�g�Z�]�j�m�a�d�b ���g�Z�i�j�b�f�_�j�� �©�b�ª�� �©�\�ª�� �©�g�Z�ª���� �W�l�h �d�j�b�l�b�q�_�k�d�b 

�\�Z�`�g�u�c �w�l�Z�i�� �l�Z�d �d�Z�d �i�h�^�]�h�l�h�\�e�_�g�g�u�_ �^�Z�g�g�u�_ �k�e�m�`�Z�l 
�h�k�g�h�\�h�c �^�e�y �d�h�j�j�_�d�l�g�h�]�h �Z�g�Z�e�b�a�Z�� 

�± �i�j�_�^�\�Z�j�b�l�_�e�v�g�Z�y �h�[�j�Z�[�h�l�d�Z �l�_�d�k�l�Z�� �>�e�y 
�i�h�\�u�r�_�g�b�y �l�h�q�g�h�k�l�b �q�Z�k�l�h�l�g�h�]�h �Z�g�Z�e�b�a�Z �k�e�h�\�Z 
�i�j�b�\�h�^�y�l�k�y �d �b�o �[�Z�a�h�\�h�c �n�h�j�f�_�� �G�Z�i�j�b�f�_�j�� �n�h�j�f�u 
�©�j�Z�[�h�l�Z�_�l�ª �b �©�j�Z�[�h�l�Z�e�b�ª �i�j�_�h�[�j�Z�a�m�x�l�k�y �\ �©�j�Z�[�h�l�Z�ª 
���e�_�f�f�Z�l�b�a�Z�p�b�y���� �q�l�h �i�h�a�\�h�e�y�_�l �m�q�b�l�u�\�Z�l�v �\�k�_ �n�h�j�f�u 
�h�^�g�h�]�h �k�e�h�\�Z �d�Z�d �_�^�b�g�h�_ �i�h�g�y�l�b�_�� 

�± �i�h�k�l�j�h�_�g�b�_ �q�Z�k�l�h�l�g�h�]�h �k�e�h�\�Z�j�y�� �I�h�k�e�_ 
�h�[�j�Z�[�h�l�d�b �l�_�d�k�l�Z �n�h�j�f�b�j�m�_�l�k�y �q�Z�k�l�h�l�g�u�c �k�e�h�\�Z�j�v�� �\ 
�d�h�l�h�j�h�f �n�b�d�k�b�j�m�_�l�k�y �q�Z�k�l�h�l�Z �i�h�y�\�e�_�g�b�y �d�Z�`�^�h�]�h 
�m�g�b�d�Z�e�v�g�h�]�h �k�e�h�\�Z �\ �^�h�d�m�f�_�g�l�_�� �L�Z�d�h�c �k�e�h�\�Z�j�v 
�i�h�a�\�h�e�y�_�l �[�u�k�l�j�h �\�u�^�_�e�b�l�v �g�Z�b�[�h�e�_�_ �a�g�Z�q�b�f�u�_ 
�k�e�h�\�Z�� �i�h�\�l�h�j�y�x�s�b�_�k�y �k �g�Z�b�[�h�e�v�r�_�c �q�Z�k�l�h�l�h�c�� �q�l�h 
�m�d�Z�a�u�\�Z�_�l �g�Z �d�e�x�q�_�\�u�_ �l�_�f�u �l�_�d�k�l�Z�� 

�± �i�j�b�f�_�g�_�g�b�_ TF-IDF. �>�e�y �m�e�m�q�r�_�g�b�y 
�d�Z�q�_�k�l�\�Z �q�Z�k�l�h�l�g�h�]�h �Z�g�Z�e�b�a�Z �q�Z�k�l�h �b�k�i�h�e�v�a�m�_�l�k�y 
�f�_�l�h�^ TF-IDF ���q�Z�k�l�h�l�Z �l�_�j�f�b�g�Z �²  �h�[�j�Z�l�g�Z�y �q�Z�k�l�h�l�Z 
�^�h�d�m�f�_�g�l�Z���� �W�l�h�l �i�h�^�o�h�^ �k�g�b�`�Z�_�l �a�g�Z�q�_�g�b�_ �q�Z�k�l�h 
�\�k�l�j�_�q�Z�x�s�b�o�k�y �k�e�h�\ �\ �j�Z�a�e�b�q�g�u�o �^�h�d�m�f�_�g�l�Z�o �b 
�\�u�^�_�e�y�_�l �l�_�j�f�b�g�u�� �a�g�Z�q�b�f�u�_ �^�e�y �d�h�g�d�j�_�l�g�h�]�h 
�l�_�d�k�l�Z�� TF-IDF �h�k�h�[�_�g�g�h �i�h�e�_�a�_�g �i�j�b �Z�g�Z�e�b�a�_ 
�[�h�e�v�r�b�o �[�Z�a �^�Z�g�g�u�o�� �]�^�_ �\�Z�`�g�h �\�u�^�_�e�b�l�v 
�m�g�b�d�Z�e�v�g�u�_ �l�_�j�f�b�g�u�� �o�Z�j�Z�d�l�_�j�b�a�m�x�s�b�_ �d�h�g�d�j�_�l�g�u�c 
�^�h�d�m�f�_�g�l�� 

�± �f�h�^�_�e�b�j�h�\�Z�g�b�_ N-�]�j�Z�f�f�� �Q�Z�k�l�h�l�g�u�c 
�Z�g�Z�e�b�a �f�h�`�g�h �j�Z�k�r�b�j�b�l�v�� �b�k�i�h�e�v�a�m�y �[�b�]�j�Z�f�f�u 
���^�\�m�o�k�e�h�\�g�u�_ �k�h�q�_�l�Z�g�b�y�� �b �l�j�b�]�j�Z�f�f�u ���l�j�_�o�k�e�h�\�g�u�_ 
�k�h�q�_�l�Z�g�b�y���� �W�l�h �i�h�a�\�h�e�y�_�l �m�q�b�l�u�\�Z�l�v �m�k�l�h�c�q�b�\�u�_ 
�\�u�j�Z�`�_�g�b�y �b �k�e�h�\�h�k�h�q�_�l�Z�g�b�y�� �\�Z�`�g�u�_ �^�e�y �i�h�g�b�f�Z�g�b�y 
�l�_�d�k�l�Z�� �G�Z�i�j�b�f�_�j�� �_�k�e�b �n�j�Z�a�Z �©�b�k�d�m�k�k�l�\�_�g�g�u�c 
�b�g�l�_�e�e�_�d�l�ª �q�Z�k�l�h �\�k�l�j�_�q�Z�_�l�k�y �\ �l�_�d�k�l�_�� �h�g�Z �f�h�`�_�l 
�[�u�l�v �\�u�^�_�e�_�g�Z �d�Z�d �a�g�Z�q�b�f�h�_ �k�e�h�\�h�k�h�q�_�l�Z�g�b�_�� 
�h�l�g�h�k�y�s�_�_�k�y �d �l�_�f�_ �^�h�d�m�f�_�g�l�Z�� 
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�± �\�b�a�m�Z�e�b�a�Z�p�b�y �^�Z�g�g�u�o�� �>�e�y �g�Z�]�e�y�^�g�h�]�h 
�i�j�_�^�k�l�Z�\�e�_�g�b�y �j�_�a�m�e�v�l�Z�l�h�\ �q�Z�k�l�h�l�g�h�]�h �Z�g�Z�e�b�a�Z 
�k�h�a�^�Z�x�l�k�y �h�[�e�Z�d�Z �k�e�h�\�� �]�b�k�l�h�]�j�Z�f�f�u �b�e�b �]�j�Z�n�b�d�b 
�q�Z�k�l�h�l�� �h�l�h�[�j�Z�`�Z�x�s�b�_ �g�Z�b�[�h�e�_�_ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�u�_ 
�l�_�j�f�b�g�u �b �n�j�Z�a�u�� �W�l�h �i�h�f�h�]�Z�_�l �\�b�a�m�Z�e�v�g�h �h�p�_�g�b�l�v 
�k�h�^�_�j�`�Z�g�b�_ �l�_�d�k�l�Z �b �\�u�^�_�e�b�l�v �d�e�x�q�_�\�u�_ �l�_�f�u�� 

�:�e�]�h�j�b�l�f�u�� �b�� �f�h�^�_�e�b�� �q�Z�k�l�h�l�g�h�]�h�� �Z�g�Z�e�b�a�Z��
�\�d�e�x�q�Z�x�l���d�Z�d���[�Z�a�h�\�u�_�����l�Z�d���b���[�h�e�_�_���k�e�h�`�g�u�_���f�_�l�h�^�u����
�b�k�i�h�e�v�a�m�_�f�u�_���^�e�y���j�_�r�_�g�b�y���j�Z�a�e�b�q�g�u�o���a�Z�^�Z�q�� 

�± �f�_�l�h�^�� �q�Z�k�l�h�l�u�� �l�_�j�f�b�g�Z�� ���7�)������ �W�l�h�l�� �f�_�l�h�^��
�b�a�f�_�j�y�_�l���� �d�Z�d�� �q�Z�k�l�h���k�e�h�\�h�� �\�k�l�j�_�q�Z�_�l�k�y�� �\�� �^�h�d�m�f�_�g�l�_����
�q�l�h���i�h�a�\�h�e�y�_�l���h�i�j�_�^�_�e�b�l�v���g�Z�b�[�h�e�_�_���\�Z�`�g�u�_���l�_�j�f�b�g�u����
�Q�_�f�� �q�Z�s�_�� �k�e�h�\�h�� �b�k�i�h�e�v�a�m�_�l�k�y���� �l�_�f�� �\�u�r�_�� �_�]�h��
�a�g�Z�q�b�f�h�k�l�v���^�e�y���l�_�d�k�l�Z�� 

�± �Z�g�Z�e�b�a�� �[�b�]�j�Z�f�f�� �b�� �l�j�b�]�j�Z�f�f���� �W�l�h�l�� �f�_�l�h�^��
�i�h�a�\�h�e�y�_�l�� �b�a�m�q�Z�l�v�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�k�l�b�� �k�e�h�\���� �l�Z�d�b�_��
�d�Z�d�� �[�b�]�j�Z�f�f�u�� �b�� �l�j�b�]�j�Z�f�f�u���� �\�u�y�\�e�y�y�� �m�k�l�h�c�q�b�\�u�_��
�n�j�Z�a�u�� �b�� �k�e�h�\�h�k�h�q�_�l�Z�g�b�y���� �d�h�l�h�j�u�_�� �i�j�_�^�k�l�Z�\�e�y�x�l��
�\�Z�`�g�u�_�� �Z�k�i�_�d�l�u�� �l�_�d�k�l�Z���� �G�Z�i�j�b�f�_�j���� �\�� �l�_�d�k�l�_�� �h��
�d�m�e�b�g�Z�j�b�b�� �[�b�]�j�Z�f�f�Z�� �©�j�_�p�_�i�l�� �[�e�x�^�Z�ª�� �f�h�`�_�l�� �[�u�l�v��
�a�g�Z�q�b�f�h�c�� 

�± TF-�,�'�)���� �W�l�h�l�� �i�h�^�o�h�^�� �m�q�b�l�u�\�Z�_�l�� �q�Z�k�l�h�l�m��
�k�e�h�\�Z���\���^�h�d�m�f�_�g�l�_���b���_�]�h���j�Z�k�i�j�h�k�l�j�Z�g�_�g�g�h�k�l�v���\�h���\�k�_�c��
�[�Z�a�_�� �^�Z�g�g�u�o����TF-�,�'�)�� �m�f�_�g�v�r�Z�_�l�� �\�_�k�� �k�e�h�\���� �q�Z�k�l�h��
�\�k�l�j�_�q�Z�x�s�b�o�k�y�� �\�h�� �\�k�_�o�� �^�h�d�m�f�_�g�l�Z�o���� �b�� �m�\�_�e�b�q�b�\�Z�_�l��
�a�g�Z�q�_�g�b�_���j�_�^�d�b�o�����g�h���\�Z�`�g�u�o���k�e�h�\�� 

�± �d�e�Z�k�l�_�j�b�a�Z�p�b�y�� �b�� �l�_�f�Z�l�b�q�_�k�d�h�_��
�f�h�^�_�e�b�j�h�\�Z�g�b�_���� �>�e�y�� �[�h�e�_�_�� �]�e�m�[�h�d�h�]�h�� �Z�g�Z�e�b�a�Z��
�q�Z�k�l�h�l�g�u�c�� �f�_�l�h�^�� �f�h�`�g�h�� �d�h�f�[�b�g�b�j�h�\�Z�l�v �k��
�l�_�f�Z�l�b�q�_�k�d�b�f�� �f�h�^�_�e�b�j�h�\�Z�g�b�_�f�� �b�� �d�e�Z�k�l�_�j�b�a�Z�p�b�_�c��
�l�_�d�k�l�h�\��[3]. �W�l�b�� �f�_�l�h�^�u�� �i�h�a�\�h�e�y�x�l�� �]�j�m�i�i�b�j�h�\�Z�l�v��
�l�_�d�k�l�u���i�h���l�_�f�Z�f���g�Z���h�k�g�h�\�_���q�Z�k�l�h�l�g�u�o���o�Z�j�Z�d�l�_�j�b�k�l�b�d�� 

�I�j�_�b�f�m�s�_�k�l�\�Z�� �b�� �h�]�j�Z�g�b�q�_�g�b�y�� �q�Z�k�l�h�l�g�h�]�h��
�i�h�^�o�h�^�Z���� �Q�Z�k�l�h�l�g�u�c�� �Z�g�Z�e�b�a�� �h�[�e�Z�^�Z�_�l�� �j�y�^�h�f��
�i�j�_�b�f�m�s�_�k�l�\���� �h�g�� �i�j�h�k�l�� �\�� �j�_�Z�e�b�a�Z�p�b�b�� �b�� �w�n�n�_�d�l�b�\�_�g��
�^�e�y���j�_�r�_�g�b�y���[�Z�a�h�\�u�o���a�Z�^�Z�q���Z�g�Z�e�b�a�Z���l�_�d�k�l�Z�����l�Z�d�b�o���d�Z�d��
�\�u�^�_�e�_�g�b�_�� �d�e�x�q�_�\�u�o�� �k�e�h�\�� �b�� �l�_�f�Z�l�b�q�_�k�d�Z�y��
�d�e�Z�k�k�b�n�b�d�Z�p�b�y�����H�^�g�Z�d�h���h�g���l�Z�d�`�_���b�f�_�_�l���h�]�j�Z�g�b�q�_�g�b�y����
�l�Z�d�� �d�Z�d�� �g�_�� �m�q�b�l�u�\�Z�_�l�� �k�f�u�k�e�h�\�u�_�� �b�� �k�b�g�l�Z�d�k�b�q�_�k�d�b�_��
�k�\�y�a�b���f�_�`�^�m���k�e�h�\�Z�f�b�����q�l�h���f�h�`�_�l���i�j�b�\�_�k�l�b���d���h�r�b�[�d�Z�f��
�\���b�g�l�_�j�i�j�_�l�Z�p�b�b�����G�Z�i�j�b�f�_�j�����\���i�j�_�^�e�h�`�_�g�b�y�o���©�k�h�[�Z�d�Z��
�[�_�`�b�l�� �d�� �q�_�e�h�\�_�d�m�ª�� �b�� �©�q�_�e�h�\�_�d�� �[�_�`�b�l�� �d�� �k�h�[�Z�d�_�ª��
�q�Z�k�l�h�l�g�u�c�� �f�_�l�h�^�� �\�u�^�_�e�b�l�� �h�^�g�b�� �b�� �l�_�� �`�_�� �k�e�h�\�Z����
�g�_�k�f�h�l�j�y�� �g�Z�� �j�Z�a�e�b�q�b�y�� �\�� �a�g�Z�q�_�g�b�b���� �Q�l�h�[�u��

�d�h�f�i�_�g�k�b�j�h�\�Z�l�v�� �w�l�h���� �q�Z�k�l�h�l�g�u�c�� �Z�g�Z�e�b�a�� �f�h�`�g�h��
�^�h�i�h�e�g�b�l�v�� �f�_�l�h�^�Z�f�b�� �f�Z�r�b�g�g�h�]�h�� �h�[�m�q�_�g�b�y�� �b��
�g�_�c�j�h�g�g�u�f�b�� �k�_�l�y�f�b���� �d�h�l�h�j�u�_�� �k�i�h�k�h�[�g�u�� �m�q�b�l�u�\�Z�l�v��
�d�h�g�l�_�d�k�l��[4]. 

�I�j�b�f�_�g�_�g�b�_ �q�Z�k�l�h�l�g�h�]�h �i�h�^�o�h�^�Z �\ 
�Z�\�l�h�f�Z�l�b�q�_�k�d�b�o �k�b�k�l�_�f�Z�o�� �Q�Z�k�l�h�l�g�u�c �Z�g�Z�e�b�a �r�b�j�h�d�h 
�i�j�b�f�_�g�y�_�l�k�y �\ �j�Z�a�e�b�q�g�u�o �h�[�e�Z�k�l�y�o�� �l�j�_�[�m�x�s�b�o 
�Z�\�l�h�f�Z�l�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �l�_�d�k�l�h�\�� �<�h�l �g�_�d�h�l�h�j�u�_ 
�i�j�b�f�_�j�u�� 

�± �i�h�b�k�d�h�\�u�_ �k�b�k�l�_�f�u�� �Q�Z�k�l�h�l�g�u�c �f�_�l�h�^ 
�b�k�i�h�e�v�a�m�_�l�k�y �^�e�y �Z�g�Z�e�b�a�Z �a�Z�i�j�h�k�h�\ �b �h�i�j�_�^�_�e�_�g�b�y 
�j�_�e�_�\�Z�g�l�g�u�o �^�h�d�m�f�_�g�l�h�\ �g�Z �h�k�g�h�\�_ �q�Z�k�l�h�l�g�u�o 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d �d�e�x�q�_�\�u�o �k�e�h�\�� 

�± �Z�g�Z�e�b�a �h�l�a�u�\�h�\ �d�e�b�_�g�l�h�\�� �< �f�Z�j�d�_�l�b�g�]�_ �b 
�[�b�a�g�_�k-�Z�g�Z�e�b�l�b�d�_ �q�Z�k�l�h�l�g�u�c �i�h�^�o�h�^ �i�h�f�h�]�Z�_�l 
�Z�g�Z�e�b�a�b�j�h�\�Z�l�v �h�l�a�u�\�u �b �\�u�^�_�e�y�l�v �d�e�x�q�_�\�u�_ �l�_�f�u�� 

�± �d�e�Z�k�k�b�n�b�d�Z�p�b�y �^�h�d�m�f�_�g�l�h�\�� �Q�Z�k�l�h�l�g�u�c 
�f�_�l�h�^ �i�j�b�f�_�g�y�_�l�k�y �^�e�y �Z�\�l�h�f�Z�l�b�q�_�k�d�h�c 
�d�e�Z�k�k�b�n�b�d�Z�p�b�b �l�_�d�k�l�h�\�� �l�Z�d�b�o �d�Z�d �k�l�Z�l�v�b �b �h�l�q�_�l�u�� 
�i�h �d�Z�l�_�]�h�j�b�y�f�� 

�± �h�[�j�Z�[�h�l�d�Z �^�Z�g�g�u�o �k�h�p�b�Z�e�v�g�u�o �k�_�l�_�c�� 
�Q�Z�k�l�h�l�g�u�c �Z�g�Z�e�b�a �i�h�a�\�h�e�y�_�l �h�l�k�e�_�`�b�\�Z�l�v 
�i�h�i�m�e�y�j�g�u�_ �l�_�f�u �b �\�u�y�\�e�y�l�v �d�e�x�q�_�\�u�_ �k�e�h�\�Z �\ 
�h�[�k�m�`�^�_�g�b�y�o�� 

�± �k�h�a�^�Z�g�b�_ �Z�g�g�h�l�Z�p�b�c �b �j�_�a�x�f�_�� �W�l�h�l �f�_�l�h�^ 
�f�h�`�_�l �b�k�i�h�e�v�a�h�\�Z�l�v�k�y �^�e�y �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h 
�\�u�^�_�e�_�g�b�y �d�e�x�q�_�\�u�o �k�e�h�\ �b �n�j�Z�a�� �h�i�b�k�u�\�Z�x�s�b�o 
�k�h�^�_�j�`�Z�g�b�_ �^�h�d�m�f�_�g�l�h�\ [5]. 

�I�j�b�f�_�j �m�k�i�_�r�g�h�]�h �i�j�b�f�_�g�_�g�b�y �q�Z�k�l�h�l�g�h�]�h 
�Z�g�Z�e�b�a�Z �f�h�`�g�h �m�\�b�^�_�l�v �\ �k�b�k�l�_�f�Z�o�� �j�Z�a�j�Z�[�h�l�Z�g�g�u�o 
�^�e�y �Z�g�Z�e�b�a�Z �f�_�^�b�p�b�g�k�d�b�o �l�_�d�k�l�h�\�� �d�h�l�h�j�u�_ �\�u�^�_�e�y�x�l 
�d�e�x�q�_�\�u�_ �l�_�j�f�b�g�u �\ �f�_�^�b�p�b�g�k�d�b�o �a�Z�i�b�k�y�o �^�e�y 
�[�u�k�l�j�h�c �g�Z�\�b�]�Z�p�b�b �i�h �\�Z�`�g�h�c �b�g�n�h�j�f�Z�p�b�b �h 
�i�Z�p�b�_�g�l�Z�o�� �< �x�j�b�^�b�q�_�k�d�h�c �k�n�_�j�_ �i�h�^�h�[�g�u�_ �k�b�k�l�_�f�u 
�i�h�f�h�]�Z�x�l �Z�g�Z�e�b�a�b�j�h�\�Z�l�v �^�h�d�m�f�_�g�l�u�� �m�k�d�h�j�y�y �i�h�b�k�d 
�j�_�e�_�\�Z�g�l�g�h�c �b�g�n�h�j�f�Z�p�b�b �\ �a�Z�d�h�g�h�^�Z�l�_�e�v�g�u�o �Z�d�l�Z�o�� 

�Q�Z�k�l�h�l�g�u�c �f�_�l�h�^ �Z�g�Z�e�b�a�Z �l�_�d�k�l�Z 
�i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �i�j�h�k�l�h�c�� �g�h �f�h�s�g�u�c �b�g�k�l�j�m�f�_�g�l 
�Z�\�l�h�f�Z�l�b�q�_�k�d�h�c �h�[�j�Z�[�h�l�d�b �l�_�d�k�l�h�\�� �i�h�a�\�h�e�y�x�s�b�c 
�j�_�r�Z�l�v �f�g�h�`�_�k�l�\�h �a�Z�^�Z�q�� �l�Z�d�b�o �d�Z�d �\�u�^�_�e�_�g�b�_ 
�d�e�x�q�_�\�u�o �k�e�h�\ �b �l�_�f�Z�l�b�q�_�k�d�h�_ �f�h�^�_�e�b�j�h�\�Z�g�b�_�� 
�G�_�k�f�h�l�j�y �g�Z �k�\�h�b �h�]�j�Z�g�b�q�_�g�b�y�� �w�l�h�l �i�h�^�o�h�^ 
�i�j�h�^�h�e�`�Z�_�l �h�k�l�Z�\�Z�l�v�k�y �i�h�i�m�e�y�j�g�u�f �[�e�Z�]�h�^�Z�j�y �k�\�h�_�c 
�w�n�n�_�d�l�b�\�g�h�k�l�b �b �i�j�h�k�l�h�l�_ �j�_�Z�e�b�a�Z�p�b�b�� 
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�D�e�x�q�_�\�u�_ �k�e�h�\�Z: �^�b�n�n�m�a�b�h�g�g�u�_ �g�_�c�j�h�g�g�u�_ �k�_�l�b�� �b�k�d�m�k�k�l�\�_�g�g�u�c �b�g�l�_�e�e�_�d�l�� 

�]�_�g�_�j�Z�p�b�y �b�a�h�[�j�Z�`�_�g�b�c�� �h�[�j�Z�[�h�l�d�Z �^�Z�g�g�u�o 

 
�<�\�_�^�_�g�b�_�� �< �l�_�q�_�g�b�_ �i�h�k�e�_�^�g�b�o �e�_�l 

�^�b�n�n�m�a�b�h�g�g�u�_ �g�_�c�j�h�g�g�u�_ �k�_�l�b �k�l�Z�g�h�\�y�l�k�y �\�k�_ �[�h�e�_�_ 
�i�h�i�m�e�y�j�g�u �\ �h�[�e�Z�k�l�b �]�_�g�_�j�Z�l�b�\�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y 
�a�Z �k�q�_�l �k�i�h�k�h�[�g�h�k�l�b �k�h�a�^�Z�\�Z�l�v �\�u�k�h�d�h�d�Z�q�_�k�l�\�_�g�g�u�_ 
�b�a�h�[�j�Z�`�_�g�b�y�� �< �h�l�e�b�q�b�_ �h�l �l�j�Z�^�b�p�b�h�g�g�u�o �f�_�l�h�^�h�\�� 
�l�Z�d�b�o �d�Z�d �]�_�g�_�j�Z�l�b�\�g�u�_ �k�h�k�l�y�a�Z�l�_�e�v�g�u�_ �k�_�l�b�� �^�Z�g�g�u�_ 
�f�h�^�_�e�b �i�h�d�Z�a�u�\�Z�x�l �\�u�k�h�d�m�x �m�k�l�h�c�q�b�\�h�k�l�v 
�h�[�m�q�_�g�b�y�� �Z �l�Z�d�`�_ �i�j�_�^�h�k�l�Z�\�e�y�x�l �\�h�a�f�h�`�g�h�k�l�v 
�]�_�g�_�j�b�j�h�\�Z�l�v �b�a�h�[�j�Z�`�_�g�b�y �\�u�k�h�d�h�]�h �d�Z�q�_�k�l�\�Z�� 
�^�_�f�h�g�k�l�j�b�j�m�y �j�_�a�m�e�v�l�Z�l�� �k�j�Z�\�g�b�f�u�c �k 
ProgressiveGAN [1 �± 2]. �H�^�g�Z�d�h�� �g�_�k�f�h�l�j�y �g�Z 
�a�g�Z�q�b�l�_�e�v�g�u�c �i�j�h�]�j�_�k�k �\ �w�l�h�c �h�[�e�Z�k�l�b�� �h�g�Z 
�i�j�h�^�h�e�`�Z�_�l �Z�d�l�b�\�g�h �j�Z�a�\�b�\�Z�l�v�k�y�� �o�Z�j�Z�d�l�_�j�b�a�m�y�k�v 
�[�u�k�l�j�u�f �i�h�y�\�e�_�g�b�_�f �g�h�\�u�o �i�h�^�o�h�^�h�\�� �B�a-�a�Z 
�i�h�^�h�[�g�h�]�h �l�_�f�i�Z �\�h�a�g�b�d�Z�x�l �l�j�m�^�g�h�k�l�b �k �i�h�g�b�f�Z�g�b�_�f 
�l�_�d�m�s�_�]�h �k�h�k�l�h�y�g�b�y �l�_�h�j�b�b �b �i�j�Z�d�l�b�d�b 
�^�b�n�n�m�a�b�h�g�g�u�o �f�h�^�_�e�_�c�� �i�h�w�l�h�f�m �h�[�a�h�j 
�k�m�s�_�k�l�\�m�x�s�b�o �b�k�k�e�_�^�h�\�Z�g�b�c �b �b�o �h�[�h�[�s�_�g�b�_ �± �w�l�h 
�g�_�h�[�o�h�^�b�f�u�c �r�Z�] �^�e�y �h�i�j�_�^�_�e�_�g�b�y �g�Z�i�j�Z�\�e�_�g�b�y 
�i�h�k�e�_�^�m�x�s�b�o �j�Z�[�h�l�� 

�< �^�Z�g�g�h�c �k�l�Z�l�v�_ �g�Z �h�k�g�h�\�_ �Z�g�Z�e�b�a�Z 
�k�m�s�_�k�l�\�m�x�s�b�o �j�Z�[�h�l �\ �w�l�h�c �h�[�e�Z�k�l�b �i�j�b�\�_�^�_�g�u 
�l�_�h�j�_�l�b�q�_�k�d�b�_ �h�k�g�h�\�u �^�b�n�n�m�a�b�h�g�g�u�o �f�h�^�_�e�_�c�� 
�i�j�h�\�_�^�_�g�h �k�j�Z�\�g�_�g�b�_ �k �^�j�m�]�b�f�b �]�_�g�_�j�Z�l�b�\�g�u�f�b 
�f�h�^�_�e�y�f�b�� 

�L�_�h�j�_�l�b�q�_�k�d�b�_ �h�k�g�h�\�u�� �< �h�k�g�h�\�m 
�^�b�n�n�m�a�b�h�g�g�u�o �f�h�^�_�e�_�c �[�u�e �i�h�e�h�`�_�g �i�j�b�g�p�b�i 
�i�h�k�l�_�i�_�g�g�h�]�h �a�Z�r�m�f�e�_�g�b�y �^�Z�g�g�u�o �b �k�e�_�^�m�x�s�_�_ �a�Z 
�g�b�f �i�j�b�f�_�g�_�g�b�_ �h�[�j�Z�l�g�h�]�h �i�j�h�p�_�k�k�Z�� �]�^�_ 
�^�h�[�Z�\�e�_�g�g�u�c �j�Z�g�_�_ �r�m�f �m�^�Z�e�y�_�l�k�y �^�e�y 
�\�h�k�k�l�Z�g�h�\�e�_�g�b�y �b�k�o�h�^�g�u�o �^�Z�g�g�u�o�� �W�l�h�l �i�j�b�g�p�b�i 
�[�_�j�_�l �k�\�h�_ �g�Z�q�Z�e�h �\ �j�Z�g�g�_�c �j�Z�[�h�l�_ Jascha Sohl-
Dickstein �b �k�h�Z�\�l�h�j�h�\ �©�'�H�H�S Unsupervised Learning 
using Nonequilibrium �7�K�H�U�P�R�G�\�Q�D�P�L�F�V�ª (2015 �]�h�^���� 

�>�Z�g�g�Z�y �k�l�Z�l�v�y �[�u�e�Z �i�h�k�\�y�s�_�g�Z �i�j�h�[�e�_�f�_ 
�f�h�^�_�e�b�j�h�\�Z�g�b�y �k�e�h�`�g�u�o �g�Z�[�h�j�h�\ �^�Z�g�g�u�o �k 
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �j�Z�k�i�j�_�^�_�e�_�g�b�c �\�_�j�h�y�l�g�h�k�l�_�c�� �\ 
�d�h�l�h�j�u�o �h�[�m�q�_�g�b�_�� �\�u�[�h�j�d�Z�� �\�u�\�h�^ �b �h�p�_�g�d�Z 
�i�h�^�^�Z�x�l�k�y �Z�g�Z�e�b�l�b�q�_�k�d�h�f�m �b�e�b �\�u�q�b�k�e�b�l�_�e�v�g�h�f�m 
�Z�g�Z�e�b�a�m�� �< �k�l�Z�l�v�_ �h�i�b�k�u�\�Z�e�Z�k�v �b�^�_�y�� �\�^�h�o�g�h�\�e�_�g�g�Z�y 
�g�_�j�Z�\�g�h�\�_�k�g�h�c �k�l�Z�l�b�k�l�b�q�_�k�d�h�c �n�b�a�b�d�h�c�� �h 
�f�_�^�e�_�g�g�h�f �b �k�b�k�l�_�f�Z�l�b�q�_�k�d�h�f �j�Z�a�j�m�r�_�g�b�b 
�k�l�j�m�d�l�m�j�u �\ �j�Z�k�i�j�_�^�_�e�_�g�b�b �^�Z�g�g�u�o �k �i�h�f�h�s�v�x 
�i�j�y�f�h�]�h �i�j�h�p�_�k�k�Z �^�b�n�n�m�a�b�b�� �Z �a�Z�l�_�f �b�a�m�q�_�g�b�_ 
�h�[�j�Z�l�g�h�]�h �i�j�h�p�_�k�k�Z �^�b�n�n�m�a�b�b�� �q�l�h �\�h�k�k�l�Z�g�Z�\�e�b�\�Z�_�l 
�k�l�j�m�d�l�m�j�m �\ �^�Z�g�g�u�o [3]. 

�<�h�a�f�h�`�g�h�k�l�v �]�_�g�_�j�b�j�h�\�Z�l�v �^�Z�g�g�u�_ �k 
�\�u�k�h�d�b�f �m�j�h�\�g�_�f �^�_�l�Z�e�b�a�Z�p�b�b �b �j�Z�a�g�h�h�[�j�Z�a�b�y �± �w�l�h 
�\�Z�`�g�h�_ �i�j�_�b�f�m�s�_�k�l�\�h �^�b�n�n�m�a�b�h�g�g�u�o �g�_�c�j�h�g�g�u�o 
�k�_�l�_�c�� �< �d�Z�q�_�k�l�\�_ �i�j�b�f�_�j�Z �i�j�b�\�_�^�_�f �^�b�n�n�m�a�b�h�g�g�m�x 
�\�_�j�h�y�l�g�h�k�l�g�m�x �f�h�^�_�e�v (diffusion probabilistic model). 
�H�g�Z �i�h�d�Z�a�Z�e�Z �j�_�a�m�e�v�l�Z�l�u�� �k�h�i�h�k�l�Z�\�b�f�u�_ �k 
�^�h�k�l�b�`�_�g�b�y�f�b �]�_�g�_�j�Z�l�b�\�g�u�o �k�h�k�l�y�a�Z�l�_�e�v�g�u�o �k�_�l�_�c�� 
�b�a�[�_�`�Z�\ �b�o �i�j�h�[�e�_�f�� �g�_�k�l�Z�[�b�e�v�g�h�k�l�v �h�[�m�q�_�g�b�y �b 
�d�h�e�e�Z�i�k �f�h�^�u �± �g�h �h�d�Z�a�Z�e�Z�k�v �[�h�e�_�_ �f�_�^�e�_�g�g�h�c �\ 
�i�j�h�p�_�k�k�_ �]�_�g�_�j�Z�p�b�b �^�Z�g�g�u�o [1]. �L�Z�d�`�_�� �h�l�f�_�l�b�f�� �q�l�h 
�m�e�m�q�r�_�g�g�u�_ �\�Z�j�b�Z�g�l�u �i�j�_�^�u�^�m�s�_�c �f�h�^�_�e�b 
(improved denoising diffusion probabilistic models), 
�i�h�a�\�h�e�b�e�b �i�h�\�u�k�b�l�v �d�Z�d �k�d�h�j�h�k�l�v �]�_�g�_�j�Z�p�b�b�� �l�Z�d �b 
�d�Z�q�_�k�l�\�h �k�h�a�^�Z�\�Z�_�f�u�o �^�Z�g�g�u�o [4].  

�H�^�g�b�f �b�a �\�Z�`�g�_�c�r�b�o �Z�k�i�_�d�l�h�\ �^�e�y �j�Z�a�\�b�l�b�y 
�^�b�n�n�m�a�b�h�g�g�u�o �f�h�^�_�e�_�c �y�\�e�y�_�l�k�y �b�o �i�h�l�_�g�p�b�Z�e �d 
�i�j�b�f�_�g�b�f�h�k�l�b �\ �j�Z�a�e�b�q�g�u�o �a�Z�^�Z�q�Z�o �g�Z�m�d�b �b �l�_�o�g�b�d�b�� 
�<�h�a�f�h�`�g�h�k�l�b �^�b�n�n�m�a�b�h�g�g�u�o �g�_�c�j�h�g�g�u�o �k�_�l�_�c 
�i�h�a�\�h�e�y�x�l �m�k�i�_�r�g�h �b�o �i�j�b�f�_�g�y�l�v �\ �h�[�e�Z�k�l�b 
�d�h�f�i�v�x�l�_�j�g�h�]�h �a�j�_�g�b�y�� �k �p�_�e�v�x �m�e�m�q�r�_�g�b�y 
�i�j�Z�d�l�b�q�_�k�d�b�o �i�j�b�e�h�`�_�g�b�c�� �l�Z�d�b�o �d�Z�d �b�k�d�m�k�k�l�\�h �b 
�^�b�a�Z�c�g [5]. �W�l�h �f�h�`�_�l �d�Z�k�Z�l�v�k�y �d�Z�d �d�j�_�Z�l�b�\�g�h�c 
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�h�[�e�Z�k�l�b�� �l�Z�d �b �Z�\�l�h�f�Z�l�b�a�Z�p�b�b �i�j�h�p�_�k�k�h�\ �]�_�g�_�j�Z�p�b�b 
�d�h�g�l�_�g�l�Z�� �I�_�j�k�i�_�d�l�b�\�u �i�j�b�f�_�g�_�g�b�y �i�h�^�h�[�g�u�o 
�f�h�^�_�e�_�c �a�Z�l�j�Z�]�b�\�Z�x�l �\ �i�_�j�\�m�x �h�q�_�j�_�^�v �l�_ �h�[�e�Z�k�l�b�� 
�]�^�_ �l�j�_�[�m�_�l�k�y �\�u�k�h�d�Z�y �^�_�l�Z�e�b�a�Z�p�b�y �k�h�a�^�Z�\�Z�_�f�u�o 
�^�Z�g�g�u�o�� �H�^�g�Z�d�h�� �]�h�\�h�j�y �h �l�h�f�� �q�l�h �^�b�n�n�m�a�b�h�g�g�u�_ 
�f�h�^�_�e�b �f�h�]�m�l �b�f�_�l�v �\�u�k�h�d�b�c �i�h�l�_�g�p�b�Z�e �\ �l�h�c �b�e�b 
�b�g�h�c �h�[�e�Z�k�l�b�� �k�l�h�b�l �i�h�g�b�f�Z�l�v�� �q�l�h �^�e�y �w�l�h�]�h 
�l�j�_�[�m�x�l�k�y �^�Z�e�v�g�_�c�r�b�_ �b�k�k�e�_�^�h�\�Z�g�b�y�� �L�Z�d�b�f 
�h�[�j�Z�a�h�f�� �g�_�k�f�h�l�j�y �g�Z �a�g�Z�q�b�l�_�e�v�g�u�c �i�j�h�]�j�_�k�k�� 
�d�h�l�h�j�u�c �^�_�f�h�g�k�l�j�b�j�m�x�l �b�k�k�e�_�^�h�\�Z�g�b�y �\ �h�[�e�Z�k�l�b 
�^�b�n�n�m�a�b�h�g�g�u�o �g�_�c�j�h�g�g�u�o �k�_�l�_�c�� �b�o �i�h�e�g�h�_ 
�j�Z�k�d�j�u�l�b�_ �\ �g�Z�m�d�_ �b �l�_�o�g�b�d�_ �\�k�_ �_�s�_ �g�m�`�^�Z�_�l�k�y �\ 
�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�b�b�� �g�Z�i�j�Z�\�e�_�g�g�h�f �g�Z �j�Z�k�r�b�j�_�g�b�_ 
�b�o �i�j�b�f�_�g�b�f�h�k�l�b�� 

�I�j�y�f�h�c �i�j�h�p�_�k�k ���^�b�n�n�m�a�b�y�� �h�k�g�h�\�u�\�Z�_�l�k�y 
�g�Z �i�h�k�l�_�i�_�g�g�h�f �^�h�[�Z�\�e�_�g�b�b �r�m�f�Z �g�Z �d�Z�`�^�h�f �r�Z�]�_ �P, 
�q�l�h �\�h�a�f�h�`�g�h �h�i�b�k�Z�l�v �d�Z�d �f�Z�j�d�h�\�k�d�m�x �p�_�i�v�� �]�^�_ 
�d�Z�`�^�h�_ �a�g�Z�q�_�g�b�_ �a�Z�\�b�k�b�l �h�l �i�j�_�^�u�^�m�s�_�]�h�� �W�l�h 
�n�h�j�f�Z�e�b�a�m�_�l�k�y �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f 

�M�:�T�ç���T�ç�?�5�; L ���0k�T�ç�â��¥�sF �Ú�ç���T�ç�?�5�á�Ú�ç�÷o�á 
�]�^�_ �T�ç �± �k�h�k�l�h�y�g�b�_ �^�Z�g�g�u�o �g�Z �r�Z�]�_ �P; 
      �Ú�ç �± �d�h�w�n�n�b�p�b�_�g�l�� �h�i�j�_�^�_�e�y�x�s�b�c �\�_�e�b�q�b�g�m 
�r�m�f�Z �g�Z �r�Z�]�_ �P; 
     �0 �± �g�h�j�f�Z�e�v�g�h�_ ���]�Z�m�k�k�h�\�k�d�h�_�� �j�Z�k�i�j�_�^�_�e�_�g�b�_�� 
     �÷ �± �_�^�b�g�b�q�g�Z�y �f�Z�l�j�b�p�Z�� 

�< �k�\�h�x �h�q�_�j�_�^�v�� �b�a-�a�Z �k�\�h�c�k�l�\ �]�Z�m�k�k�h�\�k�d�h�]�h 
�j�Z�k�i�j�_�^�_�e�_�g�b�y�� �q�_�j�_�a �b�k�o�h�^�g�u�_ �^�Z�g�g�u�_ �T�4 �\�h�a�f�h�`�g�h 
�\�u�j�Z�a�b�l�v �T�ç 

�M�:�T�ç���T�4�; L ���0k�T�ç�â��¥�Ù�ç$$$���T�4�á�:�sF �Ù�ç$$$���;�÷o�á 
�]�^�_ �Ù�ç L �sF �Ú�ç; 
      �Ù�ç$$$L �Â �Ù�æ��

�ç
�æ�@�5  �± �g�Z�d�h�i�e�_�g�g�h�_ �i�j�h�b�a�\�_�^�_�g�b�_ �\�k�_�o 

�d�h�w�n�n�b�p�b�_�g�l�h�\ �Ù�æ �h�l �s �^�h �r�Z�]�Z �P. 
�W�l�h �i�h�a�\�h�e�y�_�l �w�n�n�_�d�l�b�\�g�h �\�u�q�b�k�e�y�l�v 

�a�Z�r�m�f�e�_�g�g�h�_ �k�h�k�l�h�y�g�b�_ �^�Z�g�g�u�o �g�Z �e�x�[�h�f �r�Z�]�_ �P �[�_�a 
�g�_�h�[�o�h�^�b�f�h�k�l�b �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h �i�j�b�f�_�g�y�l�v �\�k�_ 
�i�j�_�^�u�^�m�s�b�_ �r�Z�]�b�� 

�H�[�j�Z�l�g�u�c �i�j�h�p�_�k�k �g�Z�i�j�Z�\�e�_�g �g�Z �h�[�m�q�_�g�b�_ 
�f�h�^�_�e�b �L�:�T�ç�?�5���T�ç�;, �d�h�l�h�j�Z�y �k�f�h�`�_�l �i�j�_�^�k�d�Z�a�u�\�Z�l�v 
�q�b�k�l�u�_ �^�Z�g�g�u�_ �g�Z �h�k�g�h�\�_ �a�Z�r�m�f�e�_�g�g�u�o�� 
�I�h�k�l�_�i�_�g�g�h�_ �m�^�Z�e�_�g�b�_ �r�m�f�Z �g�Z�q�b�g�Z�_�l�k�y �k 
�f�Z�d�k�b�f�Z�e�v�g�h �a�Z�r�m�f�e�_�g�g�u�o �^�Z�g�g�u�o �T�Í  �b �\�h�a�\�j�Z�s�Z�_�l 
�b�k�o�h�^�g�u�_ �^�Z�g�g�u�_ �T�4 [1]. �H�i�b�k�Z�g�g�u�c �i�j�h�p�_�k�k 
�f�h�^�_�e�b�j�m�_�l�k�y �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f 

�L�� �:�T�ç�?�5���T�ç�; L �0 m�T�ç�?�5�â���ä�� �:�T�ç�á�P�;�áÍ �:�T�ç�á�P�;
��

q�á 

�]�^�_ �ä�� �:�T�ç�á�P�; �± �i�j�_�^�k�d�Z�a�Z�g�g�h�_ �g�_�c�j�h�g�g�h�c �k�_�l�v�x 
�k�j�_�^�g�_�_ �a�g�Z�q�_�g�b�_�� 
        �Ã �:�T�ç�á�P�;��  �± �i�j�_�^�k�d�Z�a�Z�g�g�Z�y �d�h�\�Z�j�b�Z�p�b�y�� 
        �à �± �h�[�m�q�Z�_�f�u�_ �i�Z�j�Z�f�_�l�j�u �f�h�^�_�e�b�� 

�I�j�h�p�_�k�k �h�[�m�q�_�g�b�y �f�h�^�_�e�b �h�k�m�s�_�k�l�\�e�y�_�l�k�y 
�a�Z �k�q�_�l �f�b�g�b�f�b�a�Z�p�b�b �j�Z�a�g�b�p�u �f�_�`�^�m �i�j�_�^�k�d�Z�a�Z�g�g�u�f 
�j�Z�k�i�j�_�^�_�e�_�g�b�_�f �b �b�k�l�b�g�g�u�f �h�[�j�Z�l�g�u�f �i�j�h�p�_�k�k�h�f�� 
�q�l�h �^�h�k�l�b�]�Z�_�l�k�y �i�m�l�_�f �h�i�l�b�f�b�a�Z�p�b�b �\�Z�j�b�Z�p�b�h�g�g�h�c 
�g�b�`�g�_�c �h�p�_�g�d�b (ELBO) �g�Z �e�h�]�Z�j�b�n�f �i�j�Z�\�^�h�i�h�^�h�[�b�y 
�^�Z�g�g�u�o�� �B�l�h�]�h�f �h�[�m�q�_�g�b�y �y�\�e�y�x�l�k�y �i�Z�j�Z�f�_�l�j�u 
�à�á�d�h�l�h�j�u�_ �i�h�a�\�h�e�y�x�l �f�h�^�_�e�b �k �f�Z�d�k�b�f�Z�e�v�g�h�c 
�l�h�q�g�h�k�l�v�x �\�h�k�k�l�Z�g�Z�\�e�b�\�Z�l�v �b�k�o�h�^�g�u�_ �^�Z�g�g�u�_ �b�a 
�a�Z�r�m�f�e�_�g�g�u�o�� 

�>�b�n�n�m�a�b�h�g�g�u�_ �g�_�c�j�h�g�g�u�_ �k�_�l�b �^�Z�x�l 
�\�h�a�f�h�`�g�h�k�l�v �b�k�i�h�e�v�a�h�\�Z�l�v �j�Z�a�e�b�q�g�u�_ �Z�j�o�b�l�_�d�l�m�j�u 
�^�e�y �j�_�Z�e�b�a�Z�p�b�b �h�[�j�Z�l�g�h�]�h �i�j�h�p�_�k�k�Z�� �g�h �h�^�g�h�c �b�a 
�g�Z�b�[�h�e�_�_ �q�Z�k�l�h �b�k�i�h�e�v�a�m�_�f�u�o �y�\�e�y�_�l�k�y U-Net, 
�d�h�l�h�j�Z�y �^�h�d�Z�a�Z�e�Z �k�\�h�x �w�n�n�_�d�l�b�\�g�h�k�l�v �\ �i�j�h�p�_�k�k�_ 
�h�[�j�Z�[�h�l�d�b �^�Z�g�g�u�o �\�u�k�h�d�h�]�h �j�Z�a�j�_�r�_�g�b�y �a�Z �k�q�_�l 
�k�\�h�_�c �k�i�h�k�h�[�g�h�k�l�b �a�Z�o�\�Z�l�u�\�Z�l�v �d�Z�d �e�h�d�Z�e�v�g�u�_�� �l�Z�d �b 
�]�e�h�[�Z�e�v�g�u�_ �h�k�h�[�_�g�g�h�k�l�b �b�a�h�[�j�Z�`�_�g�b�y [5]. 

�I�h�f�b�f�h �w�l�h�]�h�� �h�l�f�_�l�b�f �l�_�k�g�m�x �k�\�y�a�v 
�^�b�n�n�m�a�b�h�g�g�u�o �g�_�c�j�h�g�g�u�o �k�_�l�_�c �k �^�j�m�]�b�f�b 
�f�h�^�_�e�y�f�b�� �]�_�g�_�j�Z�l�b�\�g�u�f�b �k�h�k�l�y�a�Z�l�_�e�v�g�u�f�b �k�_�l�y�f�b �b 
�\�Z�j�b�Z�p�b�h�g�g�u�f�b �Z�\�l�h�w�g�d�h�^�_�j�Z�f�b�� �B�o �k�j�Z�\�g�_�g�b�_ 
�i�j�_�^�k�l�Z�\�e�_�g�h �\ �l�Z�[�e�b�p�_ 1. 

�L �Z �[ �e �b �p �Z 1 �± �K�j�Z�\�g�_�g�b�_ �f�h�^�_�e�_�c 
 �>�b�n�n�m�a�b�h�g�g�u�_ 

�f�h�^�_�e�b 
�=�_�g�_�j�Z�l�b�\�g�u�_ 

�k�h�k�l�y�a�Z�l�_�e�v�g�u�_ �f�h�^�_�e�b 
(GAN) 

�<�Z�j�b�Z�p�b�h�g�g�u�_ 
�Z�\�l�h�w�g�d�h�^�_�j�u (VAE) 

�I�j�b�g�p�b�i 
�j�Z�[�h�l�u 

�I�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�_ 
�^�h�[�Z�\�e�_�g�b�_ �b 
�m�^�Z�e�_�g�b�_ �r�m�f�Z�� �a�Z 
�k�q�_�l �i�j�y�f�h�]�h �b 
�h�[�j�Z�l�g�h�]�h 
�i�j�h�p�_�k�k�Z 
�^�b�n�n�m�a�b�b 

�I�j�h�l�b�\�h�k�l�h�y�g�b�_ �f�_�`�^�m 
�]�_�g�_�j�Z�l�h�j�h�f �b 
�^�b�k�d�j�b�f�b�g�Z�l�h�j�h�f�� �]�^�_ 
�]�_�g�_�j�Z�l�h�j �k�h�a�^�Z�_�l 
�^�Z�g�g�u�_�� �Z �^�b�k�d�j�b�f�b�g�Z�l�h�j 
�i�u�l�Z�_�l�k�y �h�l�e�b�q�b�l�v �b�o �h�l 
�j�_�Z�e�v�g�u�o 

�D�h�^�b�j�h�\�Z�g�b�_ �^�Z�g�g�u�o �\ 
�e�Z�l�_�g�l�g�h�_ �i�j�h�k�l�j�Z�g�k�l�\�h 
�b �b�o �^�_�d�h�^�b�j�h�\�Z�g�b�_ 
�h�[�j�Z�l�g�h 

�H�[�m�q�_�g�b�_ �<�_�j�h�y�l�g�h�k�l�g�h�_ 
�f�h�^�_�e�b�j�h�\�Z�g�b�_ 

�K�h�k�l�y�a�Z�g�b�_ �^�\�m�o �f�h�^�_�e�_�c �K�h�\�f�_�k�l�g�h�_ �h�[�m�q�_�g�b�_ 
�w�g�d�h�^�_�j�Z �b �^�_�d�h�^�_�j�Z �^�e�y 
�f�Z�d�k�b�f�b�a�Z�p�b�b 
�i�j�Z�\�^�h�i�h�^�h�[�b�y �^�Z�g�g�u�o 

�K�l�Z�[�b�e�v�g�h�k�l�v 
�h�[�m�q�_�g�b�y 

�K�l�Z�[�b�e�v�g�h�_ 
�[�e�Z�]�h�^�Z�j�y 
�h�l�k�m�l�k�l�\�b�x 
�i�j�h�l�b�\�h�[�h�j�k�l�\�m�x
�s�b�o �w�e�_�f�_�g�l�h�\ 

�F�h�`�_�l �[�u�l�v �m�k�e�h�`�g�_�g�h 
�b�a-�a�Z �k�e�h�`�g�h�c �^�b�g�Z�f�b�d�b 
�\�a�Z�b�f�h�^�_�c�k�l�\�b�y �^�\�m�o 
�f�h�^�_�e�_�c 

�K�l�Z�[�b�e�v�g�h�_ �h�[�m�q�_�g�b�_ 
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�I�j�h�^�h�e�`�_�g�b�_ �l�Z�[�e�b�p�u 1 
 �>�b�n�n�m�a�b�h�g�g�u�_ 

�f�h�^�_�e�b 
�=�_�g�_�j�Z�l�b�\�g�u�_ 

�k�h�k�l�y�a�Z�l�_�e�v�g�u�_ �f�h�^�_�e�b 
(GAN) 

�<�Z�j�b�Z�p�b�h�g�g�u�_ 
�Z�\�l�h�w�g�d�h�^�_�j�u (VAE) 

�D�Z�q�_�k�l�\�h 
�^�Z�g�g�u�o 

�<�u�k�h�d�h�d�Z�q�_�k�l�\�_�g
�g�u�_ �b�a�h�[�j�Z�`�_�g�b�y�� 
�q�l�h �k�j�Z�\�g�b�f�u�� 
�e�b�[�h �i�j�_�\�h�k�o�h�^�y�l 
GAN 

�<�u�k�h�d�h�d�Z�q�_�k�l�\�_�g�g�u�_ 
�b�a�h�[�j�Z�`�_�g�b�y�� �>�Z�g�g�u�_ 
�f�h�^�_�e�b �y�\�e�y�x�l�k�y 
�k�l�Z�g�^�Z�j�l�h�f �^�e�y �f�g�h�]�b�o 
�a�Z�^�Z�q �]�_�g�_�j�Z�p�b�b 
�b�a�h�[�j�Z�`�_�g�b�c 

�F�_�g�_�_ 
�^�_�l�Z�e�b�a�b�j�h�\�Z�g�g�u�_ 
�b�a�h�[�j�Z�`�_�g�b�y �i�h 
�k�j�Z�\�g�_�g�b�x �k �^�j�m�]�b�f�b 
�f�h�^�_�e�y�f�b �^�e�y 
�l�j�Z�^�b�p�b�h�g�g�u�o VAE. 
�M�e�m�q�r�_�g�g�u�_ �\�_�j�k�b�b 
�^�Z�x�l �\�u�k�h�d�h�_ �d�Z�q�_�k�l�\�h 
�]�_�g�_�j�Z�p�b�b 

�K�d�h�j�h�k�l�v 
�]�_�g�_�j�Z�p�b�b 

�F�_�^�e�_�g�g�Z�y�� �q�l�h 
�\�u�a�\�Z�g�h �[�h�e�v�r�b�f 
�q�b�k�e�h�f �r�Z�]�h�\ 

�;�u�k�l�j�Z�y�� �l�Z�d �d�Z�d �i�h�k�e�_ 
�h�[�m�q�_�g�b�y �]�_�g�_�j�Z�p�b�y 
�h�k�m�s�_�k�l�\�e�y�_�l�k�y �a�Z �h�^�b�g 
�i�j�y�f�h�c �i�j�h�o�h�^ 

�;�u�k�l�j�Z�y�� �l�Z�d �d�Z�d 
�]�_�g�_�j�Z�p�b�y �i�j�h�o�h�^�b�l �a�Z 
�h�^�b�g �i�j�h�o�h�^ �q�_�j�_�a 
�^�_�d�h�^�_�j 

�L�j�_�[�h�\�Z�g�b�y �d 
�j�_�k�m�j�k�Z�f 

�<�u�k�h�d�b�_ 
�\�u�q�b�k�e�b�l�_�e�v�g�u�_ 
�a�Z�l�j�Z�l�u�� �l�Z�d �d�Z�d 
�l�j�_�[�m�_�l�k�y 
�[�h�e�v�r�h�_ �q�b�k�e�h 
�r�Z�]�h�\ 

�M�f�_�j�_�g�g�u�_�� �l�Z�d �d�Z�d 
�a�Z�\�b�k�y�l �h�l �Z�j�o�b�l�_�d�l�m�j�u 
�\�u�[�b�j�Z�_�f�u�o �f�h�^�_�e�_�c 

�F�h�]�m�l �[�u�l�v �g�b�a�d�b�f�b�� 
�l�Z�d  �d�Z�d �b�k�i�h�e�v�a�m�_�f�u�_ 
�Z�j�o�b�l�_�d�l�m�j�u �^�h�i�m�k�d�Z�x�l 
�i�j�h�k�l�h�l�m �^�e�y 
�^�h�k�l�b�`�_�g�b�y 
�w�n�n�_�d�l�b�\�g�h�k�l�b 

 
�F�h�`�g�h �m�l�\�_�j�`�^�Z�l�v�� �q�l�h �^�b�n�n�m�a�b�h�g�g�u�_ 

�g�_�c�j�h�g�g�u�_ �k�_�l�b �i�j�b �\�h�a�f�h�`�g�h�k�l�b �b�k�i�h�e�v�a�h�\�Z�g�b�y 
�[�h�e�v�r�b�o �f�h�^�_�e�_�c �b �g�Z�e�b�q�b�y �^�h�k�l�Z�l�h�q�g�u�o 
�\�u�q�b�k�e�b�l�_�e�v�g�u�o �f�h�s�g�h�k�l�_�c �f�h�]�m�l �[�u�l�v �f�h�s�g�u�f 
�b�g�k�l�j�m�f�_�g�l�h�f �k�j�_�^�b �^�j�m�]�b�o �]�_�g�_�j�Z�l�b�\�g�u�o �f�h�^�_�e�_�c�� 
�l�Z�d �d�Z�d �h�[�t�_�^�b�g�y�x�l �i�j�_�b�f�m�s�_�k�l�\�Z �\�_�j�h�y�l�g�h�k�l�g�h�]�h 
�f�h�^�_�e�b�j�h�\�Z�g�b�y �b �k�l�Z�[�b�e�v�g�h�k�l�v �h�[�m�q�_�g�b�y�� �< 
�g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �\�_�^�m�l�k�y �Z�d�l�b�\�g�u�_ �b�k�k�e�_�^�h�\�Z�g�b�y �\ 
�^�Z�g�g�h�c �h�[�e�Z�k�l�b�� �G�Z�i�j�b�f�_�j�� Robin Rombach �k 
�d�h�e�e�_�]�Z�f�b �\ 2022 �h�i�m�[�e�b�d�h�\�Z�e �k�l�Z�l�v�x �©�+�L�J�K-
Resolution Image Synthesis with Latent Diffusion 
�0�R�G�H�O�V�ª�� �]�^�_ �h�i�b�k�u�\�Z�_�l�k�y �b�k�i�h�e�v�a�h�\�Z�g�b�_ �e�Z�l�_�g�l�g�u�o 
�i�j�h�k�l�j�Z�g�k�l�\�� �q�l�h �^�_�f�h�g�k�l�j�b�j�m�_�l �a�g�Z�q�b�l�_�e�v�g�u�c 
�i�j�h�]�j�_�k�k �\ �^�Z�g�g�h�c �h�[�e�Z�k�l�b [5]. 

�K�m�s�_�k�l�\�m�x�s�b�_ �j�Z�[�h�l�u�� �H�^�g�h�c �b�a �i�_�j�\�u�o 
�g�Z�b�[�h�e�_�_ �a�g�Z�q�b�f�u�o �j�Z�[�h�l �\ �h�[�e�Z�k�l�b �^�b�n�n�m�a�b�h�g�g�u�o 
�f�h�^�_�e�_�c�� �y�\�e�y�_�l�k�y �j�Z�[�h�l�Z �©�'�H�H�S Unsupervised 
Learning using Nonequilibrium �7�K�H�U�P�R�G�\�Q�D�P�L�F�V�ª 
Jascha Sohl-Dickstein �b �k�h�Z�\�l�h�j�h�\�� �h�i�m�[�e�b�d�h�\�Z�g�g�Z�y �\ 
2015 �]�h�^�m [4]. �< �g�_�c �a�Z�e�h�`�_�g�u �h�k�g�h�\�u �]�e�m�[�h�d�h�]�h 
�h�[�m�q�_�g�b�y �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �g�_�j�Z�\�g�h�\�_�k�g�h�c 
�l�_�j�f�h�^�b�g�Z�f�b�d�b �^�e�y �i�h�k�e�_�^�m�x�s�b�o �b�k�k�e�_�^�h�\�Z�g�b�c �\ 
�h�[�e�Z�k�l�b �^�b�n�n�m�a�b�h�g�g�u�o �g�_�c�j�h�g�g�u�o �k�_�l�_�c�� �B�f�_�g�g�h 
�a�^�_�k�v �[�u�e�h �i�j�_�^�k�l�Z�\�e�_�g�h �^�\�Z �h�k�g�h�\�g�u�o �i�j�h�p�_�k�k�Z �± 
�i�j�y�f�h�c �i�j�h�p�_�k�k �^�b�n�n�m�a�b�b�� �^�h�[�Z�\�e�y�x�s�b�c �r�m�f �d 
�^�Z�g�g�u�f�� �b �h�[�j�Z�l�g�u�c �i�j�h�p�_�k�k �]�_�g�_�j�Z�p�b�b�� 
�\�h�k�k�l�Z�g�Z�\�e�b�\�Z�x�s�b�c �b�k�o�h�^�g�u�_ �^�Z�g�g�u�_ �b�a 
�a�Z�r�m�f�e�_�g�g�u�o�� 

�< 2020 �]�h�^�m Jonathan Ho �b �k�h�Z�\�l�h�j�u �\ �j�Z�[�h�l�_ 
�©�'�H�Q�R�L�V�L�Q�J Diffusion Probabilistic �0�R�G�H�O�V�ª [1] 
�i�j�_�^�k�l�Z�\�b�e�b �^�b�n�n�m�a�b�h�g�g�m�x �\�_�j�h�y�l�g�h�k�l�g�m�x �f�h�^�_�e�v�� 
�H�g�Z �\�u�\�h�^�b�e�Z �d�Z�q�_�k�l�\�h �b �w�n�n�_�d�l�b�\�g�h�k�l�v 
�^�b�n�n�m�a�b�h�g�g�u�o �f�h�^�_�e�_�c �g�Z �g�h�\�u�c �m�j�h�\�_�g�v �a�Z �k�q�_�l 
�b�k�i�h�e�v�a�h�\�Z�g�b�y �\�Z�j�b�Z�p�b�h�g�g�h�]�h �i�h�^�o�h�^�Z �d �h�[�m�q�_�g�b�x 

�h�[�j�Z�l�g�h�]�h �i�j�h�p�_�k�k�Z �m�^�Z�e�_�g�b�y �r�m�f�Z�� �q�l�h �i�h�a�\�h�e�b�e�h 
�]�_�g�_�j�b�j�h�\�Z�l�v �\�u�k�h�d�h�d�Z�q�_�k�l�\�_�g�g�u�_ �b�a�h�[�j�Z�`�_�g�b�y�� 
�^�h�k�l�b�]�g�m�\ �m�j�h�\�g�y �]�_�g�_�j�Z�l�b�\�g�u�o �k�h�k�l�y�a�Z�l�_�e�v�g�u�o 
�k�_�l�_�c�� �B�a �d�e�x�q�_�\�u�o �h�k�h�[�_�g�g�h�k�l�_�c �f�h�`�g�h �\�u�^�_�e�b�l�v 
�k�l�Z�[�b�e�v�g�h�k�l�v �h�[�m�q�_�g�b�y�� �Z �l�Z�d�`�_ �h�l�k�m�l�k�l�\�b�_ �i�j�h�[�e�_�f 
�k �d�h�e�e�Z�i�k�h�f�� �o�Z�j�Z�d�l�_�j�g�u�f �^�e�y �]�_�g�_�j�Z�l�b�\�g�u�o 
�k�h�k�l�y�a�Z�l�_�e�v�g�u�o �f�h�^�_�e�_�c�� 

�< 2021 �]�h�^�m Alex Nichol �b Prafulla Dhariwal �\ 
�j�Z�[�h�l�_ �©�,�P�S�U�R�Y�H�G Denoising Diffusion Probabilistic 
�0�R�G�H�O�V�ª �i�j�_�^�k�l�Z�\�b�e�b �m�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�g�g�m�x 
�^�b�n�n�m�a�b�h�g�g�m�x �\�_�j�h�y�l�g�h�k�l�g�m�x �f�h�^�_�e�v [4]. �H�g�Z 
�\�d�e�x�q�Z�e�Z �h�i�l�b�f�b�a�Z�p�b�x �j�Z�k�i�b�k�Z�g�b�y �r�m�f�h�\ �b 
�\�\�_�^�_�g�b�_ �[�h�e�_�_ �w�n�n�_�d�l�b�\�g�u�o �f�_�l�h�^�h�\ �h�[�m�q�_�g�b�y�� �q�l�h 
�i�h�a�\�h�e�b�e�h �k�h�d�j�Z�l�b�l�v �\�j�_�f�y �]�_�g�_�j�Z�p�b�b �[�_�a �i�h�l�_�j�v �\ 
�d�Z�q�_�k�l�\�_ �i�h�e�m�q�Z�_�f�u�o �^�Z�g�g�u�o�� �L�Z�d�`�_�� �Z�\�l�h�j�Z�f�b �[�u�e�b 
�i�j�_�^�e�h�`�_�g�u �f�_�l�h�^�u �^�e�y �m�k�d�h�j�_�g�b�y �h�[�j�Z�l�g�h�]�h 
�i�j�h�p�_�k�k�Z�� �q�l�h �k�^�_�e�Z�e�h �f�h�^�_�e�v �[�h�e�_�_ �i�j�b�]�h�^�g�h�c �d 
�a�Z�^�Z�q�Z�f �i�j�Z�d�l�b�q�_�k�d�h�]�h �i�j�b�f�_�g�_�g�b�y�� �d�h�l�h�j�u�_ 
�l�j�_�[�h�\�Z�l�_�e�v�g�u �d �k�d�h�j�h�k�l�b �]�_�g�_�j�Z�p�b�b�� 

�< 2021 �]�h�^�m Yang Song, Jascha Sohl-Dickstein 
�b �k�h�Z�\�l�h�j�u �\ �j�Z�[�h�l�_ �©�6�F�R�U�H-Based Generative 
Modeling through Stochastic Differential �(�T�X�D�W�L�R�Q�V�ª 
�i�j�_�^�e�h�`�b�e�b �i�j�b�g�p�b�i �]�_�g�_�j�Z�l�b�\�g�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y 
�g�Z �h�k�g�h�\�_ �h�p�_�g�h�d �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �k�l�h�o�Z�k�l�b�q�_�k�d�b�o 
�^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�o �m�j�Z�\�g�_�g�b�c [6]. �< �^�Z�g�g�h�c �j�Z�[�h�l�_ 
�[�u�e�Z �i�j�_�^�k�l�Z�\�e�_�g�Z �Z�e�v�l�_�j�g�Z�l�b�\�g�Z�y �n�h�j�f�m�e�b�j�h�\�d�Z 
�^�b�n�n�m�a�b�h�g�g�u�o �f�h�^�_�e�_�c�� �h�k�g�h�\�Z�g�g�Z�y �g�Z �h�p�_�g�d�_ 
�]�j�Z�^�b�_�g�l�Z �e�h�]�Z�j�b�n�f�b�q�_�k�d�h�c �i�e�h�l�g�h�k�l�b �^�Z�g�g�u�o�� 
�L�Z�d�h�c �i�h�^�o�h�^�� �h�k�g�h�\�Z�g�g�u�c �g�Z �k�l�h�o�Z�k�l�b�q�_�k�d�b�o 
�^�b�n�n�_�j�_�g�p�b�Z�e�v�g�u�o �m�j�Z�\�g�_�g�b�y�o�� �h�[�_�k�i�_�q�b�\�Z�_�l 
�[�h�e�v�r�m�x �]�b�[�d�h�k�l�v�� �i�h�a�\�h�e�y�y �b�k�i�h�e�v�a�h�\�Z�l�v 
�j�Z�a�e�b�q�g�u�_ �l�b�i�u �^�b�n�n�m�a�b�h�g�g�u�o �i�j�h�p�_�k�k�h�\�� �q�l�h 
�j�Z�k�r�b�j�y�_�l �\�h�a�f�h�`�g�h�k�l�b �f�h�^�_�e�b �\ �d�h�g�l�_�d�k�l�_ 
�j�Z�a�e�b�q�g�u�o �a�Z�^�Z�q �]�_�g�_�j�Z�p�b�b �^�Z�g�g�u�o�� 
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�< 2022 Robin Rombach �b �k�h�Z�\�l�h�j�u �\ �©�+�L�J�K-
Resolution Image Synthesis with Latent Diffusion 
�0�R�G�H�O�V�ª �i�j�_�^�e�h�`�b�e�b �e�Z�l�_�g�l�g�m�x �^�b�n�n�m�a�b�h�g�g�m�x 
�f�h�^�_�e�v �^�e�y �]�_�g�_�j�Z�p�b�b �b�a�h�[�j�Z�`�_�g�b�c �\�u�k�h�d�h�]�h 
�j�Z�a�j�_�r�_�g�b�y [5]. �< �_�_ �h�k�g�h�\�m �[�u�e�h �i�h�e�h�`�_�g�h 
�a�g�Z�q�b�l�_�e�v�g�h�_ �k�g�b�`�_�g�b�_ �l�j�_�[�m�_�f�u�o �\�u�q�b�k�e�b�l�_�e�v�g�u�o 
�j�_�k�m�j�k�h�\ �a�Z �k�q�_�l �j�Z�[�h�l�u �\ �e�Z�l�_�g�l�g�h�f �i�j�h�k�l�j�Z�g�k�l�\�_�� 
�B�k�i�h�e�v�a�h�\�Z�g�b�_ �i�j�_�^�\�Z�j�b�l�_�e�v�g�h �h�[�m�q�_�g�g�u�o 
�Z�\�l�h�w�g�d�h�^�_�j�h�\ �^�e�y �i�j�_�h�[�j�Z�a�h�\�Z�g�b�y �^�Z�g�g�u�o �\ �[�h�e�_�_ 
�d�h�f�i�Z�d�l�g�u�_ �i�j�_�^�k�l�Z�\�e�_�g�b�y�� �i�h�a�\�h�e�y�_�l �[�h�e�_�_ 
�w�n�n�_�d�l�b�\�g�h �i�j�b�f�_�g�y�l�v �^�b�n�n�m�a�b�h�g�g�u�_ �i�j�h�p�_�k�k�u �b 
�i�j�h�^�h�e�`�Z�l�v �]�_�g�_�j�b�j�h�\�Z�l�v �b�a�h�[�j�Z�`�_�g�b�y �\�u�k�h�d�h�]�h 
�d�Z�q�_�k�l�\�Z, �k�h�d�j�Z�s�Z�y �\�u�q�b�k�e�b�l�_�e�v�g�m�x �k�e�h�`�g�h�k�l�v�� 

�H�l�f�_�l�b�f�� �q�l�h �[�h�e�v�r�b�g�k�l�\�h �j�Z�[�h�l 
�k�h�k�j�_�^�h�l�h�q�_�g�g�h �b�f�_�g�g�h �g�Z �]�_�g�_�j�Z�p�b�b �b�a�h�[�j�Z�`�_�g�b�c�� 
�g�h �g�_�d�h�l�h�j�u�_ �b�k�k�e�_�^�h�\�Z�l�_�e�b �i�h�^�g�b�f�Z�e�b �\�h�i�j�h�k 
�i�j�b�f�_�g�b�f�h�k�l�b �^�b�n�n�m�a�b�h�g�g�u�o �g�_�c�j�h�g�g�u�o �k�_�l�_�c �b �\ 
�^�j�m�]�b�o �h�[�e�Z�k�l�y�o�� �G�Z�i�j�b�f�_�j�� WaveGrad, 
�i�j�_�^�e�h�`�_�g�g�u�c Nanxin Chen �b �k�h�Z�\�l�h�j�Z�f�b �\ �j�Z�[�h�l�_ 
�©�:�D�Y�H�*�U�D�G�� Estimating Gradients for Waveform 
�*�H�Q�H�U�D�W�L�R�Q�ª �\ 2020 �y�\�e�y�_�l�k�y �i�j�b�f�_�j�h�f �l�h�]�h�� �d�Z�d 
�^�b�n�n�m�a�b�h�g�g�u�_ �f�h�^�_�e�b �i�j�b�f�_�g�y�x�l�k�y �\ �Z�m�^�b�h-�k�b�g�l�_�a�_ 
[7]. �I�j�_�^�k�l�Z�\�e�_�g�g�Z�y �f�h�^�_�e�v �i�h�a�\�h�e�y�_�l �]�_�g�_�j�b�j�h�\�Z�l�v 
�k�b�]�g�Z�e�� �g�Z�q�b�g�Z�y �k �]�Z�m�k�k�h�\�k�d�h�]�h �[�_�e�h�]�h �r�m�f�Z�� �Z �a�Z�l�_�f 
�b�l�_�j�Z�l�b�\�g�h �m�l�h�q�g�y�_�l �_�]�h �k �i�h�f�h�s�v�x �]�j�Z�^�b�_�g�l�g�h�]�h 
�k�w�f�i�e�_�j�Z�� �h�[�m�k�e�h�\�e�_�g�g�h�]�h �f�_�e-�k�i�_�d�l�j�h�]�j�Z�f�f�h�c�� 
�>�Z�g�g�u�c �i�h�^�o�h�^ �k�h�h�l�\�_�l�k�l�\�m�_�l �h�[�j�Z�l�g�h�f�m 
�^�b�n�n�m�a�b�h�g�g�h�f�m �i�j�h�p�_�k�k�m �b �^�_�f�h�g�k�l�j�b�j�m�_�l�� �d�Z�d 
�^�b�n�n�m�a�b�h�g�g�u�_ �f�h�^�_�e�b �k�i�h�k�h�[�g�u �k�h�a�^�Z�\�Z�l�v 
�\�u�k�h�d�h�d�Z�q�_�k�l�\�_�g�g�u�_ �Z�m�^�b�h�^�Z�g�g�u�_�� �B�k�k�e�_�^�h�\�Z�g�b�y �i�h 
�i�j�b�f�_�g�_�g�b�x �^�b�n�n�m�a�b�h�g�g�u�o �f�h�^�_�e�_�c �^�e�y �h�[�j�Z�[�h�l�d�b 
�_�k�l�_�k�l�\�_�g�g�h�]�h �y�a�u�d�Z �g�Z�o�h�^�y�l�k�y �g�Z �j�Z�g�g�b�o �k�l�Z�^�b�y�o 
�j�Z�a�\�b�l�b�y�� 

�I�j�h�[�e�_�f�u �^�b�n�n�m�a�b�h�g�g�u�o �f�h�^�_�e�_�c�� �H�^�g�h�c 
�b�a �g�Z�b�[�h�e�_�_ �a�g�Z�q�b�f�u�o �i�j�h�[�e�_�f �^�b�n�n�m�a�b�h�g�g�u�o 
�g�_�c�j�h�g�g�u�o �k�_�l�_�c �y�\�e�y�_�l�k�y �\�u�q�b�k�e�b�l�_�e�v�g�Z�y 
�k�e�h�`�g�h�k�l�v�� �I�j�h�p�_�k�k �i�h�w�l�Z�i�g�h�]�h �m�^�Z�e�_�g�b�y �r�m�f�Z �b 
�\�h�k�k�l�Z�g�h�\�e�_�g�b�y �^�Z�g�g�u�o �f�h�`�_�l �i�h�l�j�_�[�h�\�Z�l�v 
�h�]�j�h�f�g�h�]�h �q�b�k�e�Z �b�l�_�j�Z�p�b�c�� �h�l �k�h�l�_�g �^�h �l�u�k�y�q �r�Z�]�h�\ 
�^�b�n�n�m�a�b�b �i�j�b �]�_�g�_�j�Z�p�b�b �h�^�g�h�]�h �h�[�j�Z�a�p�Z [1]. 
�I�h�^�h�[�g�Z�y �\�u�q�b�k�e�b�l�_�e�v�g�Z�y �k�e�h�`�g�h�k�l�v �k�b�e�v�g�h 
�h�]�j�Z�g�b�q�b�\�Z�_�l �i�j�b�f�_�g�b�f�h�k�l�v �^�b�n�n�m�a�b�h�g�g�u�o 
�g�_�c�j�h�g�g�u�o �k�_�l�_�c �d �j�_�r�_�g�b�y�f�� �l�j�_�[�m�x�s�b�f �[�u�k�l�j�m�x 
�]�_�g�_�j�Z�p�b�x �^�Z�g�g�u�o�� �g�Z�i�j�b�f�_�j�� �^�e�y �b�g�l�_�j�Z�d�l�b�\�g�u�o 
�k�b�k�l�_�f �b�e�b �h�g�e�Z�c�g-�k�_�j�\�b�k�h�\�� 

�F�Z�k�r�l�Z�[�b�j�m�_�f�h�k�l�v �^�b�n�n�m�a�b�h�g�g�u�o 
�g�_�c�j�h�g�g�u�o �k�_�l�_�c �l�Z�d�`�_ �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c 
�k�m�s�_�k�l�\�_�g�g�m�x �i�j�h�[�e�_�f�m�� �l�Z�d �d�Z�d �m�\�_�e�b�q�_�g�b�_ 
�j�Z�a�f�_�j�g�h�k�l�b �^�Z�g�g�u�o �i�j�b�\�h�^�b�l �d �j�h�k�l�m 
�\�u�q�b�k�e�b�l�_�e�v�g�u�o �l�j�_�[�h�\�Z�g�b�c�� �W�l�h �h�k�h�[�_�g�g�h 
�Z�d�l�m�Z�e�v�g�h �i�j�b �]�_�g�_�j�Z�p�b�b �\�b�^�_�h �b�e�b 3D �f�h�^�_�e�_�c�� �]�^�_ 
�f�h�`�_�l �i�h�l�j�_�[�h�\�Z�l�v�k�y �h�[�j�Z�[�h�l�d�Z �[�h�e�v�r�h�]�h �q�b�k�e�Z 
�b�g�n�h�j�f�Z�p�b�b�� �I�j�h�[�e�_�f�Z �i�h�e�g�h�c �f�Z�k�r�l�Z�[�b�j�m�_�f�h�k�l�b 

�h�k�l�Z�_�l�k�y �g�_�j�_�r�_�g�g�h�c �b �k �j�Z�a�\�b�l�b�_�f LDM, 
�h�[�_�k�i�_�q�b�\�Z�x�s�b�o �f�Z�k�r�l�Z�[�b�j�m�_�f�h�k�l�v �e�b�r�v �^�e�y 
�h�i�j�_�^�_�e�_�g�g�u�o �l�b�i�h�\ �^�Z�g�g�u�o�� �h�k�l�Z�\�Z�y�k�v �Z�d�l�m�Z�e�v�g�h�c 
�a�Z�^�Z�q�_�c �^�e�y �[�h�e�_�_ �k�e�h�`�g�u�o �l�b�i�h�\ �^�Z�g�g�u�o ���\�b�^�_�h �b�e�b 
3D-�]�_�g�_�j�Z�p�b�y�� [5]. 

�>�b�n�n�m�a�b�h�g�g�u�_ �f�h�^�_�e�b�� �d�Z�d �b �f�g�h�]�b�_ �^�j�m�]�b�_ 
�f�h�^�_�e�b �]�e�m�[�h�d�h�]�h �h�[�m�q�_�g�b�y�� �f�h�]�m�l �g�m�`�^�Z�l�v�k�y �\ 
�[�h�e�v�r�b�o �h�[�t�_�f�Z�o �^�Z�g�g�u�o �^�e�y �h�[�m�q�_�g�b�y. �W�l�h �f�h�`�_�l 
�k�l�Z�l�v �i�j�h�[�e�_�f�h�c �\ �l�_�o �h�[�e�Z�k�l�y�o�� �]�^�_ �^�h�k�l�m�i �d �^�Z�g�g�u�f 
�h�d�Z�a�u�\�Z�_�l�k�y �h�]�j�Z�g�b�q�_�g�g�u�f�� �G�_�^�h�k�l�Z�l�h�d �^�Z�g�g�u�o �\ 
�l�Z�d�h�f �k�e�m�q�Z�_ �f�h�`�_�l �i�j�b�\�_�k�l�b �d �g�_�d�h�j�j�_�d�l�g�h�c �j�Z�[�h�l�_ 
�f�h�^�_�e�b �b �i�h�k�e�_�^�m�x�s�_�f�m �k�g�b�`�_�g�b�x �_�_ 
�\�h�a�f�h�`�g�h�k�l�_�c�� 

�L�Z�d�`�_�� �k�l�h�b�l �h�l�^�_�e�v�g�h �h�l�f�_�l�b�l�v 
�b�g�l�_�j�i�j�_�l�b�j�m�_�f�h�k�l�v �^�b�n�n�m�a�b�h�g�g�u�o �g�_�c�j�h�g�g�u�o 
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�B�G�K�����F�_�f�j�b�k�l�h�j�u���f�h�]�m�l���[�u�l�v���i�j�b�f�_�g�_�g�u���\���d�Z�q�_�k�l�\�_��
�k�b�g�Z�i�k�h�\���� �]�^�_�� �i�j�h�b�k�o�h�^�b�l�� �m�f�g�h�`�_�g�b�_�� �\�o�h�^�g�u�o��
�k�b�]�g�Z�e�h�\�� �g�Z�� �a�Z�j�Z�g�_�_�� �a�Z�i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�g�u�_�� �\�_�k�Z����
�a�Z�f�_�g�y�y�� �k�e�h�`�g�u�_�� �k�o�_�f�u�� �m�f�g�h�`�_�g�b�y�� �>���@���� �\��
�l�j�Z�^�b�p�b�h�g�g�u�o�� �B�G�K���� �Z�� �l�Z�d�`�_�� �\�� �K�G�K���� �i�h�l�h�f�m�� �q�l�h��
�k�\�h�c�k�l�\�Z�� �f�_�f�j�b�k�l�h�j�h�\�� �k�i�h�k�h�[�g�u�� �b�f�b�l�b�j�h�\�Z�l�v��
�f�_�o�Z�g�b�a�f�u�� �k�b�g�h�i�l�b�q�_�k�d�h�c�� �i�e�Z�k�l�b�q�g�h�k�l�b����
�B�k�k�e�_�^�h�\�Z�g�b�y���>��-�����@���i�h�^�l�\�_�j�`�^�Z�x�l�����q�l�h���f�_�f�j�b�k�l�h�j�u��
�f�h�]�m�l���w�n�n�_�d�l�b�\�g�h���b�k�i�h�e�v�a�h�\�Z�l�v�k�y���\���j�Z�a�j�Z�[�h�l�d�_���B�G�K���� 

�F�_�f�j�b�k�l�h�j���± �g�_�e�b�g�_�c�g�u�c�� �i�Z�k�k�b�\�g�u�c��
�w�e�_�f�_�g�l���� �k�i�h�k�h�[�g�u�c�� �d�� �j�_�a�b�k�l�b�\�g�h�f�m�� �i�_�j�_�d�e�x�q�_�g�b�x��
���J�I������ �l�� �_���� �b�a�f�_�g�_�g�b�x�� �m�^�_�e�v�g�h�]�h�� �k�h�i�j�h�l�b�\�e�_�g�b�y��
�f�_�`�^�m�� �j�Z�a�e�b�q�g�u�f�b�� �k�l�Z�[�b�e�v�g�u�f�b�� �m�j�h�\�g�y�f�b�� �\�� �h�l�\�_�l��
�g�Z�� �i�j�b�e�h�`�_�g�g�h�_�� �g�Z�i�j�y�`�_�g�b�_�� �>�����@���� �� �D�Z�d�� �i�j�Z�\�b�e�h����
�f�_�f�j�b�k�l�h�j�� �h�[�e�Z�^�Z�_�l���� �d�Z�d�� �f�b�g�b�f�m�f���� �^�\�m�f�y��
�k�h�k�l�h�y�g�b�y�f�b�� �k�h�i�j�h�l�b�\�e�_�g�b�y���� �\�u�k�h�d�b�f�� �b�� �g�b�a�d�b�f���� �Z��
�_�]�h���\�h�e�v�l�Z�f�i�_�j�g�Z�y���o�Z�j�Z�d�l�_�j�b�k�l�b�d�Z�����<�:�O�����h�i�b�k�u�\�Z�_�l��
�i�_�l�e�x���]�b�k�l�_�j�_�a�b�k�Z���i�j�b���i�j�b�e�h�`�_�g�b�b���i�_�j�b�h�^�b�q�_�k�d�h�]�h��
�g�Z�i�j�y�`�_�g�b�y���� �H�k�g�h�\�g�u�f�b�� �i�Z�j�Z�f�_�l�j�Z�f�b�� �f�_�f�j�b�k�l�h�j�Z��
�y�\�e�y�x�l�k�y���� �a�g�Z�q�_�g�b�y�� �\�u�k�h�d�h�]�h�� �b�� �g�b�a�d�h�]�h��
�k�h�i�j�h�l�b�\�e�_�g�b�y���� �Z�� �l�Z�d�`�_�� �h�l�g�h�r�_�g�b�_ �\�u�k�h�d�h�]�h��
�k�h�i�j�h�l�b�\�e�_�g�b�y�� �d�� �g�b�a�d�h�f�m���� �a�g�Z�q�_�g�b�y�� �g�Z�i�j�y�`�_�g�b�c����
�\�u�a�u�\�Z�x�s�b�_�� �J�I���� �f�b�g�b�f�Z�e�v�g�h�_�� �\�j�_�f�y��
�w�e�_�d�l�j�b�q�_�k�d�h�]�h�� �b�f�i�m�e�v�k�Z���� �k�i�h�k�h�[�g�h�]�h�� �b�a�f�_�g�b�l�v��
�j�_�a�b�k�l�b�\�g�h�_�� �k�h�k�l�h�y�g�b�_���� �\�j�_�f�y���� �\�� �l�_�q�_�g�b�b�� �d�h�l�h�j�h�]�h��
�f�_�f�j�b�k�l�h�j�� �k�h�o�j�Z�g�y�_�l�� �j�_�a�b�k�l�b�\�g�h�_�� �k�h�k�l�h�y�g�b�_�� �[�_�a��
�i�j�b�e�h�`�_�g�b�y�� �\�g�_�r�g�_�]�h�� �g�Z�i�j�y�`�_�g�b�y���� �k�l�Z�[�b�e�v�g�h�k�l�v���± 
�d�h�e�b�q�_�k�l�\�h�� �p�b�d�e�h�\�� �J�I���� �i�j�_�`�^�_�� �q�_�f�� �h�l�g�h�r�_�g�b�_��
�\�u�k�h�d�h�]�h�� �b�� �g�b�a�d�h�]�h�� �k�h�i�j�h�l�b�\�e�_�g�b�c�� �k�l�Z�g�_�l��
�g�_�i�j�b�_�f�e�_�f�h���g�b�a�d�b�f���b���^�j�m�]�b�_���>�����@�� 
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�J�Z�[�h�l�u�� �>����-�����@�� �i�h�d�Z�a�u�\�Z�x�l���� �q�l�h�� �b�g�l�_�j�_�k��
�\�u�a�u�\�Z�_�l�� �j�Z�a�j�Z�[�h�l�d�Z�� �f�_�f�j�b�k�l�h�j�h�\�� �g�Z�� �h�k�g�h�\�_��
�h�j�]�Z�g�b�q�_�k�d�b�o�� �f�Z�l�_�j�b�Z�e�h�\���� �I�j�_�b�f�m�s�_�k�l�\�h���^�Z�g�g�h�]�h��
�k�i�h�k�h�[�Z�� �j�Z�a�j�Z�[�h�l�d�b�� �a�Z�d�e�x�q�Z�_�l�k�y�� �\�� �[�h�e�_�_�� �g�b�a�d�h�c��
�k�l�h�b�f�h�k�l�b�� �b�a�]�h�l�h�\�e�_�g�b�y�� �b�� �\�� �j�Z�a�g�h�h�[�j�Z�a�b�b�� �f�_�l�h�^�h�\��
�i�h�e�m�q�_�g�b�y�� �h�j�]�Z�g�b�q�_�k�d�b�o�� �f�Z�l�_�j�b�Z�e�h�\���� �d�h�l�h�j�u�_��
�y�\�e�y�x�l�k�y�� �g�_�� �l�Z�d�b�f�b�� �l�_�o�g�h�e�h�]�b�q�_�k�d�b�� �k�e�h�`�g�u�f�b�� �i�h��
�k�j�Z�\�g�_�g�b�x�� �k�� �f�_�l�h�^�Z�f�b�� �j�Z�a�j�Z�[�h�l�d�b�� �g�_�h�j�]�Z�g�b�q�_�k�d�b�o��
�f�_�f�j�b�k�l�h�j�h�\���� �G�_�^�h�k�l�Z�l�d�h�f�� �h�j�]�Z�g�b�q�_�k�d�b�o��
�f�_�f�j�b�k�l�h�j�h�\���f�h�`�g�h���k�q�b�l�Z�l�v���g�b�a�d�m�x���k�l�Z�[�b�e�v�g�h�k�l�v���i�h��
�k�j�Z�\�g�_�g�b�x�� �k�� �g�_�h�j�]�Z�g�b�q�_�k�d�b�f�b�� �Z�g�Z�e�h�]�Z�f�b�� �<�� �k�\�y�a�b�� �k��
�w�l�b�f���� �j�Z�a�j�Z�[�h�l�d�Z�� �f�Z�d�_�l�Z�� �K�G�� �g�Z�� �[�Z�a�_�� �h�j�]�Z�g�b�q�_�k�d�b�o��
�f�Z�l�_�j�b�Z�e�h�\�� �y�\�e�y�_�l�k�y�� �Z�d�l�m�Z�e�v�g�h�c�� �b�� �i�j�Z�d�l�b�q�_�k�d�b��
�a�g�Z�q�b�f�h�c���� �<�� �j�Z�[�h�l�Z�o�� �>�������� �������� �����@�� �[�u�e�b�� �b�k�k�e�_�^�h�\�Z�g�u��
�d�h�f�i�h�a�b�l�u���g�Z���h�k�g�h�\�_���i�h�e�b�\�b�g�b�e�b�^�_�g�\�l�h�j�b�^�Z����PVDF) 
�l�Z�d�b�_�� �d�Z�d�� �i�h�e�b�Z�g�b�e�b�g���i�h�e�b�\�b�g�b�e�b�^�_�g�n�l�h�j�b�^-�k�h��
�l�j�b�n�l�h�j�w�l�b�e�_�g�� ���3�$�1�,���3���9�'�)-�7�U�)�(�������� �i�h�e�b�Z�g�b�e�b�g-
�i�h�e�b�k�l�b�j�h�e���i�h�e�b�\�b�g�b�e�b�^�_�g�n�l�h�j�b�^-�k�h��
�l�j�b�n�l�h�j�w�l�b�e�_�g�����3�$�1�,-PS/P(VDF-�7�U�)�(���������W�l�b���j�Z�[�h�l�u��
�i�h�d�Z�a�Z�e�b���� �q�l�h�� �d�h�f�i�h�a�b�l�u�� �h�[�e�Z�^�Z�x�l �]�b�k�l�_�j�_�a�b�k�h�f��
�<�:�O���� �k�\�h�c�k�l�\�_�g�g�u�f�� �f�_�f�j�b�k�l�h�j�Z�f���� �<�� �>�����@���g�Z�� �h�k�g�h�\�_��
�i�h�e�b�f�_�j�h�\��PANI �b��P(VDF-TrFE�����[�u�e���i�h�e�m�q�_�g���g�h�\�u�c��
�l�b�i�� �h�j�]�Z�g�b�q�_�k�d�b�o�� �f�_�f�j�b�k�l�h�j�h�\���� �I�h�e�m�q�_�g�g�u�c��
�f�_�f�j�b�k�l�h�j���]�b�i�h�l�_�l�b�q�_�k�d�b���f�h�`�_�l���[�u�l�v���b�k�i�h�e�v�a�h�\�Z�g���\��

�d�Z�q�_�k�l�\�_�� �h�k�g�h�\�u�� �k�o�_�f�h�l�_�o�g�b�q�_�k�d�h�c�� �j�_�Z�e�b�a�Z�p�b�b�� �K�G����
�>�e�y���i�j�h�\�_�j�d�b���w�l�h�c���]�b�i�h�l�_�a�u���g�_�h�[�o�h�^�b�f�h���j�Z�a�j�Z�[�h�l�Z�l�v��
�i�h�\�_�^�_�g�q�_�k�d�m�x�� �f�h�^�_�e�v�� �f�_�f�j�b�k�l�h�j�Z���� �i�j�b�]�h�^�g�m�x�� �^�e�y��
�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �\�� �k�b�k�l�_�f�Z�o�� �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�]�h��
�i�j�h�_�d�l�b�j�h�\�Z�g�b�y�����K�:�I�J�����w�e�_�d�l�j�h�g�g�u�o���m�k�l�j�h�c�k�l�\���� 

�P�_�e�v�x�� �^�Z�g�g�h�c�� �j�Z�[�h�l�u�� �y�\�e�y�_�l�k�y�� �j�Z�a�j�Z�[�h�l�d�Z��
�i�h�\�_�^�_�g�q�_�k�d�h�c�� �f�h�^�_�e�b�� �f�_�f�j�b�k�l�h�j�Z�� �g�Z�� �[�Z�a�_��
PANI/P(VDF-TrFE).  

�>�e�y�� �\�u�i�h�e�g�_�g�b�y�� �p�_�e�b�� �i�j�_�^�i�h�e�Z�]�Z�e�h�k�v�� �\�a�y�l�v��
�j�_�a�m�e�v�l�Z�l�u�� �b�a�f�_�j�_�g�b�y�� �<�:�O�� �f�_�f�j�b�k�l�h�j�Z����
�i�h�e�m�q�_�g�g�h�]�h�� �\�� �>�����@���� �h�i�j�_�^�_�e�b�l�v�� �\�b�^�� �a�Z�\�b�k�b�f�h�k�l�b��
�k�b�e�u�� �l�h�d�Z�� �h�l�� �g�Z�i�j�y�`�_�g�b�y�� �^�e�y�� �k�h�k�l�h�y�g�b�y�� �g�b�a�d�h�]�h�� �b��
�\�u�k�h�d�h�]�h�� �k�h�i�j�h�l�b�\�e�_�g�b�c�� �f�_�l�h�^�Z�f�b�� �Z�i�i�j�h�d�k�b�f�Z�p�b�b����
�a�Z�l�_�f���g�Z���h�k�g�h�\�_���i�h�e�m�q�_�g�g�u�o���a�Z�\�b�k�b�f�h�k�l�_�c���i�h�k�l�j�h�b�l�v��
�f�h�^�_�e�v���� �d�h�l�h�j�Z�y�� �\�� �a�Z�\�b�k�b�f�h�k�l�b�� �h�l�� �\�_�e�b�q�b�g�u��
�i�h�^�Z�\�Z�_�f�h�]�h�� �k�b�g�m�k�h�b�^�Z�e�v�g�h�]�h�� �g�Z�i�j�y�`�_�g�b�y�� �[�m�^�_�l��
�h�i�j�_�^�_�e�y�l�v���\�_�e�b�q�b�g�m���k�b�e�u�� �l�h�d�Z���b���k�h�i�j�h�l�b�\�e�_�g�b�_�� �g�Z��
�f�_�f�j�b�k�l�h�j�_���� �G�_�h�[�o�h�^�b�f�u�f�� �g�Z�[�h�j�h�f�� �b�g�k�l�j�m�f�_�g�l�h�\��
�h�[�e�Z�^�Z�_�l�� �k�j�_�^�Z��Matlab���� �i�h�w�l�h�f�m�� �h�g�Z�� �[�u�e�Z �\�u�[�j�Z�g�Z��
�^�e�y���f�h�^�_�e�b�j�h�\�Z�g�b�y���� 

�G�Z�� �j�b�k�m�g�d�_�� ���� �i�j�_�^�k�l�Z�\�e�_�g�Z�� �<�:�O��
�^�\�m�o�k�e�h�c�g�h�]�h�� �d�h�f�i�h�a�b�l�Z�� �3�$�1�,-P(VDF-TrFE), 
�i�h�e�m�q�_�g�g�Z�y���\���o�h�^�_���w�d�k�i�_�j�b�f�_�g�l�Z�� 

 
�J�b�k�m�g�h�d 1 �± �W�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�Z�y �<�:�O �^�\�m�o�k�e�h�c�g�h�]�h �d�h�f�i�h�a�b�l�Z PANI-P(VDF-TrFE)  

�>�e�y�� �Z�i�i�j�h�d�k�b�f�Z�p�b�b�� �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o��
�^�Z�g�g�u�o�� �g�Z�i�j�y�`�_�g�b�c�� �b�� �l�h�d�h�\���� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�o��
�\�u�k�h�d�h�f�m�� �b�� �g�b�a�d�h�f�m�� �k�h�i�j�h�l�b�\�e�_�g�b�x�� �[�u�e�Z��
�b�k�i�h�e�v�a�h�\�Z�g�Z�� �n�m�g�d�p�b�y��polifit ���� �\�u�i�h�e�g�y�x�s�Z�y��
�Z�i�i�j�h�d�k�b�f�Z�p�b�x�� �i�h�e�b�g�h�f�h�f�� �a�Z�^�Z�g�g�h�]�h�� �i�h�j�y�^�d�Z���� �G�Z��
�j�b�k�m�g�d�_�� ���� �i�j�_�^�k�l�Z�\�e�_�g�u�� �j�_�a�m�e�v�l�Z�l�u�� �Z�i�i�j�h�d�k�b�f�Z�p�b�b��
�l�h�q�_�d���i�h�e�b�g�h�f�h�f�������i�h�j�y�^�d�Z�� 

�G�Z�� �h�k�g�h�\�_�� �i�h�e�m�q�_�g�g�u�o�� �a�Z�\�b�k�b�f�h�k�l�_�c�� �[�u�e�Z��
�j�Z�k�k�q�b�l�Z�g�Z�� �a�Z�\�b�k�b�f�h�k�l�v�� �k�b�e�u�� �l�h�d�Z�� �h�l��
�k�b�g�m�k�h�b�^�Z�e�v�g�h�]�h�� �g�Z�i�j�y�`�_�g�b�y�� �Z�f�i�e�b�l�m�^�h�c�� �������� �<��
���Z�f�i�e�b�l�m�^�Z�� �[�u�e�Z�� �i�h�^�h�[�j�Z�g�Z�� �g�Z�� �h�k�g�h�\�_��
�w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�u�o�� �^�Z�g�g�u�o������ �G�Z�� �j�b�k�m�g�d�_�� ����
�b�a�h�[�j�Z�`�_�g�Z�� �i�_�l�e�y�� �]�b�k�l�_�j�_�a�b�k�Z���� �i�h�e�m�q�_�g�g�Z�y�� �\��
�j�_�a�m�e�v�l�Z�l�_���j�Z�k�q�z�l�h�\���� 
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�J�b�k�m�g�h�d 2 �± �:�i�i�j�h�d�k�b�f�Z�p�b�y �<�:�O 

 
�J�b�k�m�g�h�d 3 �± �J�Z�k�k�q�b�l�Z�g�g�Z�y �<�:�O �f�_�f�j�b�k�l�h�j�Z  

 
�I�h�e�m�q�_�g�g�Z�y�� �a�Z�\�b�k�b�f�h�k�l�v�� �k�b�e�u�� �l�h�d�Z�� �h�l��

�g�Z�i�j�y�`�_�g�b�y�� �^�e�y�� �^�\�m�o�� �k�h�k�l�h�y�g�b�c�� �i�h�a�\�h�e�y�_�l��
�j�Z�k�k�q�b�l�Z�l�v�� �k�h�i�j�h�l�b�\�e�_�g�b�_�� �f�_�f�j�b�k�l�h�j�Z���� �<�� �l�Z�[�e�b�p�_�� ����
�i�j�_�^�k�l�Z�\�e�_�g�u�� �a�g�Z�q�_�g�b�y�� �k�h�i�j�h�l�b�\�e�_�g�b�y�� �\�� �^�\�m�o��
�k�h�k�l�h�y�g�b�y�o�� �^�e�y�� �i�h�e�h�`�b�l�_�e�v�g�h�]�h�� �b�� �h�l�j�b�p�Z�l�_�e�v�g�h�]�h��
�g�Z�i�j�y�`�_�g�b�y���\�_�e�b�q�b�g�h�c���i�j�b�[�e�b�a�b�l�_�e�v�g�h�����������<�� 

�G�Z�� �h�k�g�h�\�_�� �j�_�a�m�e�v�l�Z�l�h�\�� �[�u�e�Z�� �j�Z�a�j�Z�[�h�l�Z�g�Z��
�f�h�^�_�e�v�� �\�� �i�j�b�e�h�`�_�g�b�b��Simulink �k�j�_�^�u��Matlab, 

�i�j�_�^�k�l�Z�\�e�_�g�g�Z�y�� �g�Z�� �j�b�k�m�g�d�_�� ������ �<�� �d�Z�q�_�k�l�\�_�� �\�o�h�^�g�h�]�h��
�k�b�]�g�Z�e�Z�� �l�Z�d�`�_�� �b�k�i�h�e�v�a�h�\�Z�e�h�k�v�� �k�b�g�m�k�h�b�^�Z�e�v�g�h�_��
�g�Z�i�j�y�`�_�g�b�_�� �Z�f�i�e�b�l�m�^�h�c�� �������� �<���� �>�e�y�� �g�_�]�h��
�j�Z�k�k�q�b�l�u�\�Z�e�b�k�v�� �a�g�Z�q�_�g�b�y�� �k�b�e�u�� �l�h�d�Z��i1 �b��i2 �\�� �k�e�m�q�Z�_��
�\�u�k�h�d�h�]�h�� �b�� �g�b�a�d�h�]�h�� �k�h�i�j�h�l�b�\�e�_�g�b�c���� �>�e�y�� �m�q�z�l�Z�� �J�I��
�f�_�f�j�b�k�l�h�j�Z���b���k�h�i�m�l�k�l�\�m�x�s�_�]�h���b�a�f�_�g�_�g�b�y���i�h�\�_�^�_�g�b�y��
�i�h�e�m�q�_�g�g�u�_�� �l�h�d�b�� �i�h�k�l�m�i�Z�x�l�� �g�Z�� �[�e�h�d�b��
�b�g�l�_�]�j�b�j�h�\�Z�g�b�y���� �J�_�a�m�e�v�l�Z�l�u�� �b�g�l�_�]�j�b�j�h�\�Z�g�b�y��
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�i�h�k�l�m�i�Z�x�l���\���[�e�h�d��Matlab function �^�e�y���j�Z�k�q�z�l�Z���a�Z�j�y�^�Z����
�i�j�h�l�_�d�Z�x�s�_�]�h�� �q�_�j�_�a�� �f�_�f�j�b�k�l�h�j���� �b�� �h�i�j�_�^�_�e�_�g�b�y��
�i�h�j�h�]�h�\���J�I���b�a���k�h�k�l�h�y�g�b�y���\�u�k�h�d�h�]�h���k�h�i�j�h�l�b�\�e�_�g�b�y���\��

�g�b�a�d�h�_�� �b�� �g�Z�h�[�h�j�h�l�� �g�Z�� �h�k�g�h�\�_�� �i�j�h�l�_�d�r�_�]�h�� �a�Z�j�y�^�Z�� �b��
�l�_�d�m�s�_�]�h���a�g�Z�q�_�g�b�y���g�Z�i�j�y�`�_�g�b�y���� 

 
�L �Z �[ �e �b �p �Z 1  �± �J�Z�k�q�z�l���k�h�i�j�h�l�b�\�e�_�g�b�y���f�_�f�j�b�k�l�h�j�Z 
 �K�h�k�l�h�y�g�b�_ �f�_�f�j�b�k�l�h�j�Z 

�K�h�k�l�h�y�g�b�_ �\�u�k�h�d�h�]�h 
�k�h�i�j�h�l�b�\�e�_�g�b�y 

�K�h�k�l�h�y�g�b�_ �g�b�a�d�h�]�h 
�k�h�i�j�h�l�b�\�e�_�g�b�y 

�I�h�e�h�`�b�l�_�e�v�g�h�_ 
�g�Z�i�j�y�`�_�g�b�_ 0,3 �< 

0,74 �F�H�f 0,23 �F�H�f 

�H�l�j�b�p�Z�l�_�e�v�g�h�_ 
�g�Z�i�j�y�`�_�g�b�_ 0,3 �< 

0,53 �F�H�f 0,22 �F�H�f 

 

 
�J�b�k�m�g�h�d 4 �± �F�h�^�_�e�v �i�h�\�_�^�_�g�b�y �f�_�f�j�b�k�l�h�j�Z �\ Simulink 

�G�Z���j�b�k�m�g�d�_�������i�j�_�^�k�l�Z�\�e�_�g�u���i�h�d�Z�a�Z�g�b�y���[�e�h�d�Z��
XY Graph. 

�L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �[�u�e�Z�� �i�h�e�m�q�_�g�Z�� �f�h�^�_�e�v��
�f�_�f�j�b�k�l�h�j�Z�����b�f�b�l�b�j�m�x�s�Z�y���i�h�\�_�^�_�g�b�_���f�_�f�j�b�k�l�h�j�Z���b�a��
�^�\�m�o�k�e�h�c�g�h�]�h�� �d�h�f�i�h�a�b�l�Z�� �3�$�1�,-P(VDF-�7�U�)�(������ �H�g�Z��
�k�i�h�k�h�[�g�Z�� �h�i�j�_�^�_�e�y�l�v�� �a�Z�\�b�k�b�f�h�k�l�v�� �k�b�e�u�� �l�h�d�Z�� �h�l��
�g�Z�i�j�y�`�_�g�b�y�� �^�e�y�� �k�h�k�l�h�y�g�b�c�� �\�u�k�h�d�h�]�h�� �b�� �g�b�a�d�h�]�h��
�k�h�i�j�h�l�b�\�e�_�g�b�c���� �b�� �i�h�a�\�h�e�y�_�l�� �j�Z�k�k�q�b�l�Z�l�v��

�k�h�i�j�h�l�b�\�e�_�g�b�_�� �f�_�f�j�b�k�l�h�j�Z�� �\�� �h�^�g�h�f�� �b�a�� �^�\�m�o��
�k�h�k�l�h�y�g�b�c�� �b�� �i�j�b�� �j�Z�a�e�b�q�g�u�o�� �i�h�e�y�j�g�h�k�l�y�o��
�g�Z�i�j�y�`�_�g�b�y�����>�Z�g�g�Z�y���f�h�^�_�e�v���f�h�`�_�l���k�l�Z�l�v���h�k�g�h�\�h�c���^�e�y��
�i�h�k�l�j�h�_�g�b�y�� �[�h�e�_�_�� �i�h�^�j�h�[�g�u�o�� �f�h�^�_�e�_�c�� �w�l�h�]�h��
�h�j�]�Z�g�b�q�_�k�d�h�]�h�� �f�_�f�j�b�k�l�h�j�Z�� �^�e�y�� �b�a�m�q�_�g�b�y��
�\�h�a�f�h�`�g�h�k�l�b�� �_�]�h�� �i�j�b�f�_�g�_�g�b�y�� �\�� �h�[�e�Z�k�l�b�� �j�Z�a�j�Z�[�h�l�d�b��
�K�G�K�� 

 

 
�J�b�k�m�g�h�d 5 �± �<�:�O �f�h�^�_�e�b �i�h�\�_�^�_�g�b�y �f�_�f�j�b�k�l�h�j�Z �\ Simulink 
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�b�g�l�_�e�e�_�d�l �k�l�Z�e �h�^�g�h�c �b�a �k�Z�f�u�o �h�[�k�m�`�^�Z�_�f�u�o �l�_�f �\ 
�k�h�\�j�_�f�_�g�g�h�f �f�b�j�_ �b �\�u�a�u�\�Z�_�l �r�b�j�h�d�b�c �b�g�l�_�j�_�k �d�Z�d 
�m �k�i�_�p�b�Z�e�b�k�l�h�\�� �l�Z�d �b �m �h�[�s�_�k�l�\�_�g�g�h�k�l�b�� �W�l�h�l 
�b�g�k�l�j�m�f�_�g�l �h�l�d�j�u�\�Z�_�l �g�h�\�u�_ �]�h�j�b�a�h�g�l�u �^�e�y �j�_�r�_�g�b�y 
�f�g�h�`�_�k�l�\�Z �a�Z�^�Z�q�� �k�\�y�a�Z�g�g�u�o �k �Z�g�Z�e�b�a�h�f �^�Z�g�g�u�o�� 
�k�h�a�^�Z�g�b�_�f �d�h�g�l�_�g�l�Z �b �^�Z�`�_ �m�i�j�Z�\�e�_�g�b�_�f �k�e�h�`�g�u�f�b 
�i�j�h�p�_�k�k�Z�f�b�� �H�^�g�h�c �b�a �\�h�a�f�h�`�g�u�o �h�[�e�Z�k�l�_�c �_�]�h 
�i�j�b�f�_�g�_�g�b�y �y�\�e�y�_�l�k�y �i�j�h�p�_�k�k �m�i�j�Z�\�e�_�g�b�y �j�b�k�d�Z�f�b�� 
�h�l �m�k�i�_�r�g�h�k�l�b �d�h�l�h�j�h�]�h �a�Z�\�b�k�b�l�� �i�h�e�m�q�b�l�k�y �e�b �\ �o�h�^�_ 
�j�_�Z�e�b�a�Z�p�b�b �i�j�h�_�d�l�Z �f�b�g�b�f�b�a�b�j�h�\�Z�l�v �\�h�a�f�h�`�g�u�_ 
�m�]�j�h�a�u �b �f�Z�d�k�b�f�Z�e�v�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �i�h�l�_�g�p�b�Z�e�v�g�h 
�\�h�a�g�b�d�Z�x�s�b�_ �©�h�d�g�Z �\�h�a�f�h�`�g�h�k�l�_�c�ª�� 

�M�i�j�Z�\�e�_�g�b�_ �j�b�k�d�Z�f�b �\�k�_�]�^�Z �[�u�e�h �\�Z�`�g�h�c 
�q�Z�k�l�v�x �e�x�[�h�]�h �i�j�h�_�d�l�Z�� �[�h�e�_�_ �l�h�]�h�� �i�h �k�e�h�\�Z�f �L�h�f�Z 
�>�_�F�Z�j�d�h�� �©�i�h�^�q�Z�k �\�k�z �m�i�j�Z�\�e�_�g�b�_ �i�j�h�p�_�k�k�h�f 
�k�\�h�^�b�l�k�y �d �m�i�j�Z�\�e�_�g�b�x �j�b�k�d�Z�f�b�ª [1]. �>�e�y �w�l�h�]�h 
�l�j�_�[�m�_�l�k�y �g�_�i�j�_�j�u�\�g�u�c �i�j�h�p�_�k�k �\�u�y�\�e�_�g�b�y�� �Z�g�Z�e�b�a�Z�� 

�i�e�Z�g�b�j�h�\�Z�g�b�y �b �d�h�j�j�_�d�p�b�b �j�b�k�d�h�\�� �<�u�y�\�e�_�g�b�_ 
�j�b�k�d�h�\ �k�q�b�l�Z�_�l�k�y �g�Z�b�[�h�e�_�_ �a�g�Z�q�b�f�u�f �Z�k�i�_�d�l�h�f �b�o 
�m�i�j�Z�\�e�_�g�b�y [2] �\�g�_ �a�Z�\�b�k�b�f�h�k�l�b �h�l �i�j�_�^�f�_�l�g�h�c 
�h�[�e�Z�k�l�b �i�j�h�_�d�l�Z�� �[�m�^�v �l�h �j�Z�a�j�Z�[�h�l�d�Z �i�j�h�]�j�Z�f�f�g�h�]�h 
�i�j�h�^�m�d�l�Z�� �k�l�j�h�b�l�_�e�v�k�l�\�h �b�e�b �n�b�g�Z�g�k�h�\�h�_ 
�i�e�Z�g�b�j�h�\�Z�g�b�_��  

�L�j�Z�^�b�p�b�h�g�g�u�_ �f�_�l�h�^�u �\�u�y�\�e�_�g�b�y �j�b�k�d�h�\ 
�\�d�e�x�q�Z�x�l �\ �k�_�[�y �\ �i�_�j�\�m�x �h�q�_�j�_�^�v �i�j�h�\�_�^�_�g�b�_ 
�]�j�m�i�i�h�\�u�o �w�d�k�i�_�j�l�b�a�� SWOT-�Z�g�Z�e�b�a�� �i�h�k�l�j�h�_�g�b�_ 
�©�]�j�m�[�u�o �f�h�^�_�e�_�c�ª �b �l���^�� �<�k�_ �w�l�b �i�h�^�o�h�^�u �a�Z�q�Z�k�l�m�x 
�l�j�_�[�m�x�l �a�g�Z�q�b�l�_�e�v�g�u�o �\�j�_�f�_�g�g�u�o �a�Z�l�j�Z�l �b �j�_�k�m�j�k�h�\�� 
�Z �j�_�a�m�e�v�l�Z�l�u �a�Z�\�b�k�y�l �h�l �h�i�u�l�Z �m�q�Z�k�l�\�m�x�s�b�o 
�w�d�k�i�_�j�l�h�\�� �b�a-�a�Z �q�_�]�h �f�h�]�m�l �[�u�l�v �k�m�[�t�_�d�l�b�\�g�u �b 
�h�]�j�Z�g�b�q�_�g�u��  

�W�d�k�i�_�j�l�u�� �m�q�Z�k�l�\�m�x�s�b�_ �\ �\�u�y�\�e�_�g�b�b 
�j�b�k�d�h�\�� �f�h�]�m�l �b�f�_�l�v �j�Z�a�g�u�c �h�i�u�l �b �m�j�h�\�_�g�v �a�g�Z�g�b�c�� 
�b�a-�a�Z �q�_�]�h �b�o �\�d�e�Z�^ �f�h�`�_�l �[�u�l�v �g�_�j�Z�\�g�h�f�_�j�g�h 
�j�Z�k�i�j�_�^�_�e�z�g�� �b �q�Z�k�l�v �j�b�k�d�h�\ �h�k�l�Z�g�m�l�k�y 
�g�_�h�[�g�Z�j�m�`�_�g�g�u�f�b�� �D�j�h�f�_ �l�h�]�h�� �g�Z �w�l�h �f�h�`�_�l 
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�i�h�\�e�b�y�l�v �b �h�]�j�Z�g�b�q�_�g�g�h�k�l�v �\ �j�_�k�m�j�k�Z�o�� �h�k�h�[�_�g�g�h 
�q�_�e�h�\�_�q�_�k�d�b�o�� �B�k�i�h�e�v�a�h�\�Z�g�b�_ �]�_�g�_�j�Z�l�b�\�g�h�]�h 
�b�k�d�m�k�k�l�\�_�g�g�h�]�h �b�g�l�_�e�e�_�d�l�Z �j�_�r�Z�_�l �w�l�b �i�j�h�[�e�_�f�u�� 

�J�Z�a�j�Z�[�h�l�Z�g�g�Z�y �>�`�_�c�j�Z�g�y�g �:�� �>�� �b 
�I�e�Z�d�k�b�g�u�f �F�� �:�� j-�f�_�l�h�^�b�d�Z [3] �i�j�_�^�e�Z�]�Z�_�l �g�Z�^�_�e�y�l�v 
�]�_�g�_�j�Z�l�b�\�g�u�c �b�k�d�m�k�k�l�\�_�g�g�u�c �b�g�l�_�e�e�_�d�l �j�h�e�v�x 
�i�j�h�_�d�l�g�h�]�h �f�_�g�_�^�`�_�j�Z�� �d�h�l�h�j�h�f�m �i�h�j�m�q�Z�_�l�k�y 
�m�i�j�Z�\�e�_�g�b�_ �h�i�j�_�^�_�e�_�g�g�u�f �i�j�h�_�d�l�h�f �b �h�i�j�h�k 
�w�d�k�i�_�j�l�g�h�c �d�h�f�Z�g�^�u�� 

�I�_�j�\�u�f �a�Z�i�j�h�k�h�f �l�j�_�[�m�_�l�k�y �g�Z�a�g�Z�q�b�l�v 
�i�j�h�_�d�l�g�u�f �f�_�g�_�^�`�_�j�h�f �]�_�g�_�j�Z�l�b�\�g�u�c 
�b�k�d�m�k�k�l�\�_�g�g�u�c �b�g�l�_�e�e�_�d�l�� �>�e�y �w�l�h�]�h �k�g�Z�q�Z�e�Z 
�m�d�Z�a�u�\�Z�_�l�k�y �_�]�h �h�i�u�l �j�Z�[�h�l�u �\ �d�Z�q�_�k�l�\�_ �i�j�h�_�d�l�g�h�]�h 
�f�_�g�_�^�`�_�j�Z �b �d�\�Z�e�b�n�b�d�Z�p�b�y�� �a�Z �g�_�c �k�e�_�^�m�_�l �h�i�b�k�Z�g�b�_ 
�i�j�h�_�d�l�Z�� �I�j�b�q�_�f �q�_�f �[�h�e�v�r�_ �^�_�l�Z�e�_�c �i�_�j�_�q�b�k�e�_�g�h �\ 
�h�i�b�k�Z�g�b�b �i�j�h�_�d�l�Z�� �l�_�f �[�h�e�_�_ �l�h�q�g�u�f�b �[�m�^�m�l �h�l�\�_�l�u 
�q�Z�l-�[�h�l�Z�� �A�Z�l�_�f �g�_�h�[�o�h�^�b�f�h �i�h�i�j�h�k�b�l�v �q�Z�l-�[�h�l 
�k�]�_�g�_�j�b�j�h�\�Z�l�v �w�d�k�i�_�j�l�h�\ �d�Z�d �q�e�_�g�h�\ �d�h�f�Z�g�^�u�� 
�d�h�l�h�j�h�c �h�g �j�m�d�h�\�h�^�b�l�� �G�Z�[�h�j �w�d�k�i�_�j�l�h�\ �^�h�e�`�_�g �[�u�l�v 
�h�[�m�k�e�h�\�e�_�g �k�i�_�p�b�n�b�d�h�c �i�j�h�_�d�l�Z �b���b�e�b �k�l�j�m�d�l�m�j�h�c 
�d�h�f�i�Z�g�b�b�� �j�Z�a�j�Z�[�Z�l�u�\�Z�x�s�_�c �i�j�h�_�d�l�� �A�Z�i�j�h�k�u �d 
�k�]�_�g�_�j�b�j�h�\�Z�g�g�u�f �w�d�k�i�_�j�l�Z�f �i�h�k�l�m�i�Z�x�l �\ 
�k�e�_�^�m�x�s�_�f �i�h�j�y�^�d�_��  

�± �h�i�j�_�^�_�e�y�x�l�k�y �\�Z�`�g�u�_ �o�Z�j�Z�d�l�_�j�b�k�l�b�d�b 
�i�j�h�_�d�l�Z �k �w�d�k�i�_�j�l�g�h�c �l�h�q�d�b �a�j�_�g�b�y�� 

�± �\�u�y�\�e�y�x�l�k�y �j�b�k�d�b �b �b�o �k�\�y�a�v �k 
�h�k�h�[�_�g�g�h�k�l�y�f�b �i�j�h�_�d�l�Z�� 

�± �j�b�k�d�b �d�e�Z�k�k�b�n�b�p�b�j�m�x�l�k�y�� 
�± �i�e�Z�g�b�j�m�x�l�k�y �f�_�j�u �b�o �i�j�_�^�h�l�\�j�Z�s�_�g�b�y�� 

�f�h�g�b�l�h�j�b�g�]�Z �b �j�_�Z�]�b�j�h�\�Z�g�b�y�� 
�H�k�g�h�\�g�Z�y �q�Z�k�l�v�� j-�f�_�l�h�^�b�d�Z �b�k�i�h�e�v�a�m�_�l�k�y 

�^�e�y �\�u�y�\�e�_�g�b�y �j�b�k�d�h�\�� �k �d�h�l�h�j�u�f�b �f�h�`�g�h 
�k�l�h�e�d�g�m�l�v�k�y �\ �o�h�^�_ �`�b�a�g�_�g�g�h�]�h �p�b�d�e�Z �i�j�h�]�j�Z�f�f�g�h�]�h 
�i�j�h�^�m�d�l�Z�� �>�e�y �w�l�h�]�h �i�j�h�b�a�\�h�^�b�l�k�y �h�i�b�k�Z�g�b�_ �i�j�h�_�d�l�Z 
�b �w�d�k�i�_�j�l�g�h�c �]�j�m�i�i�u �^�e�y �=�B�B�� �Z �a�Z�l�_�f �b�^�z�l �j�y� ̂
�a�Z�i�j�h�k�h�\ �k �p�_�e�v�x �]�_�g�_�j�Z�p�b�b �j�b�k�d�h�\ �k �l�h�q�d�b �a�j�_�g�b�y 
�d�Z�`�^�h�]�h �m�q�Z�k�l�g�b�d�Z �w�d�k�i�_�j�l�g�h�c �]�j�m�i�i�u�� 

�>�_�f�h�g�k�l�j�Z�p�b�y �i�j�h�p�_�k�k�Z �m�i�j�Z�\�e�_�g�b�y �j�b�k�d�Z�f�b 
�k �i�h�f�h�s�v�x j-�f�_�l�h�^�b�d�b �[�u�e�Z �i�j�h�\�_�^�_�g�Z �g�Z �h�k�g�h�\�_ 
�k�b�k�l�_�f�u �i�h �\�_�^�_�g�b�x �f�m�a�u�d�Z�e�v�g�h�]�h �d�Z�l�Z�e�h�]�Z�� 
�j�Z�a�j�Z�[�Z�l�u�\�Z�_�f�h�c �\ �j�Z�f�d�Z�o �k�l�m�^�_�g�q�_�k�d�h�]�h �i�j�h�_�d�l�Z�� 
�K�b�k�l�_�f�Z �f�g�h�]�h�i�h�e�v�a�h�\�Z�l�_�e�v�k�d�Z�y�� �j�Z�a�e�b�q�Z�x�l�k�y �l�j�b 
�l�b�i�Z �i�h�e�v�a�h�\�Z�l�_�e�_�c�� 

1. �H�[�u�q�g�u�c �i�h�e�v�a�h�\�Z�l�_�e�v�� �d�h�l�h�j�u�c 
�b�k�i�h�e�v�a�m�_�l �d�Z�l�Z�e�h�] �k �p�_�e�v�x �i�h�b�k�d�Z �i�j�h�b�a�\�_�^�_�g�b�c 
�j�Z�a�e�b�q�g�u�f�b �k�i�h�k�h�[�Z�f�b�� �i�h �Z�\�l�h�j�m�� �i�h �`�Z�g�j�m�� �i�h 
�Z�e�v�[�h�f�m�� �i�h �g�Z�a�\�Z�g�b�x�� �I�h�e�v�a�h�\�Z�l�_�e�v �f�h�`�_�l 
�^�h�[�Z�\�e�y�l�v �l�j�_�d�b �\ �b�a�[�j�Z�g�g�h�_�� �q�l�h�[�u �i�h�e�m�q�Z�l�v 
�[�u�k�l�j�u�c �^�h�k�l�m�i�� 

2. �:�^�f�b�g�b�k�l�j�Z�l�h�j �d�Z�l�Z�e�h�]�Z�� �d�h�l�h�j�u�c �b�f�_�_�l 
�l�_ �`�_ �\�h�a�f�h�`�g�h�k�l�b�� �q�l�h �b �h�[�u�q�g�u�c �i�h�e�v�a�h�\�Z�l�_�e�v�� �g�h 
�_�s�z �f�h�`�_�l �j�_�^�Z�d�l�b�j�h�\�Z�l�v�� �^�h�[�Z�\�e�y�l�v �b�e�b �m�^�Z�e�y�l�v 
�b�g�n�h�j�f�Z�p�b�x �h �l�j�_�d�Z�o�� �`�Z�g�j�Z�o�� �Z�\�l�h�j�Z�o�� �Z�e�v�[�h�f�Z�o�� 
�k�h�Z�\�l�h�j�Z�o�� �e�_�c�[�e�Z�o�� 

3. �:�^�f�b�g�b�k�l�j�Z�l�h�j �k�b�k�l�_�f�u�� �h�[�e�Z�^�Z�x�s�b�c 
�\�k�_�f�b �\�h�a�f�h�`�g�h�k�l�y�f�b �Z�^�f�b�g�b�k�l�j�Z�l�h�j�Z �d�Z�l�Z�e�h�]�Z �b 
�k�i�h�k�h�[�g�u�c �b�a�f�_�g�y�l�v �j�h�e�b �i�h�e�v�a�h�\�Z�l�_�e�_�c�� �l�Z�d�`�_ �h�g 
�f�h�`�_�l �\�j�m�q�g�m�x �i�h�^�l�\�_�j�`�^�Z�l�v �j�_�]�b�k�l�j�Z�p�b�x 
�i�h�e�v�a�h�\�Z�l�_�e�_�c�� 

�H�k�g�h�\�g�Z�y �p�_�e�v �k�b�k�l�_�f�u �k �l�h�q�d�b �a�j�_�g�b�y 
�i�h�e�v�a�h�\�Z�l�_�e�y �± �m�^�h�[�g�u�c �^�h�k�l�m�i �b �k�l�j�m�d�l�m�j�b�a�Z�p�b�y 
�f�m�a�u�d�Z�e�v�g�u�o �i�j�h�b�a�\�_�^�_�g�b�c�� 

�H�i�j�_�^�_�e�_�g�b�_ �k�h�k�l�Z�\�Z �]�j�m�i�i�u �w�d�k�i�_�j�l�h�\ �^�e�y 
�i�j�b�f�_�g�_�g�b�y j-�f�_�l�h�^�b�d�b �\�u�i�h�e�g�_�g�h �k �m�q�z�l�h�f 
�k�i�_�p�b�n�b�d�b �i�j�h�_�d�l�g�h�c �d�h�f�Z�g�^�u �b �j�Z�a�j�Z�[�Z�l�u�\�Z�_�f�h�c 
�k�b�k�l�_�f�u�� �K�h�]�e�Z�k�g�h �f�_�l�h�^�h�e�h�]�b�b Microsoft Solutions 
Framework [5], �g�Z�^ �i�j�h�_�d�l�h�f �j�Z�[�h�l�Z�x�l �]�j�m�i�i�u 
�w�d�k�i�_�j�l�h�\ �k �h�i�j�_�^�_�e�z�g�g�u�f�b �j�h�e�y�f�b�� �\ �l�h�f �q�b�k�e�_�� 
Program-manager, Product-manager, �j�Z�a�j�Z�[�h�l�q�b�d�b�� 
QA-�k�i�_�p�b�Z�e�b�k�l�u�� Release-manager �b UX-�k�i�_�p�b�Z�e�b�k�l�� 
�B�k�o�h�^�y �b�a �o�Z�j�Z�d�l�_�j�b�k�l�b�d �i�j�h�_�d�l�Z�� �^�h�[�Z�\�e�_�g�u 
�d�h�g�l�_�g�l-�f�_�g�_�^�`�_�j �b �Z�^�f�b�g�b�k�l�j�Z�l�h�j �k�b�k�l�_�f�u�� 

�H�i�b�k�Z�g�b�_ �k�b�k�l�_�f�u�� �i�j�_�^�k�l�Z�\�e�_�g�g�h�_ �\�u�r�_�� 
�[�u�e�h �^�h�k�e�h�\�g�h �i�_�j�_�g�_�k�_�g�h �\ �a�Z�i�j�h�k �d �=�B�B ���k 
�\�d�e�x�q�_�g�b�_�f �k�i�b�k�d�Z �w�d�k�i�_�j�l�h�\�� �m�q�Z�k�l�\�m�x�s�b�o �\ 
�\�u�y�\�e�_�g�b�b �j�b�k�d�h�\���� �K�i�b�k�h�d �k�h�^�_�j�`�b�l �h�i�b�k�Z�g�b�_ 
�i�j�h�n�_�k�k�b�h�g�Z�e�b�a�f�Z �b �h�i�u�l�Z �j�Z�[�h�l�u �w�d�k�i�_�j�l�h�\�� �>�e�y 
�j�Z�k�k�f�Z�l�j�b�\�Z�_�f�h�c �k�b�k�l�_�f�u �k�i�b�k�h�d �w�d�k�i�_�j�l�h�\ 
�k�e�_�^�m�x�s�b�c�� 

1. Product manager �:�g�Z�k�l�Z�k�b�y �± �m�f�_�_�l 
�g�Z�o�h�^�b�l�v �d�h�g�l�Z�d�l �k �a�Z�d�Z�a�q�b�d�Z�f�b�� �[�u�k�l�j�h �k�l�j�h�b�l 
�f�h�^�_�e�b �b �h�i�j�_�^�_�e�y�_�l �i�j�_�^�f�_�l�g�m�x �h�[�e�Z�k�l�v�� �G�_ 
�^�h�i�m�k�d�Z�_�l �g�_�^�h�i�h�g�b�f�Z�g�b�y �f�_�`�^�m �i�j�h�_�d�l�g�h�c 
�d�h�f�Z�g�^�h�c �b �a�Z�b�g�l�_�j�_�k�h�\�Z�g�g�u�f�b �e�b�p�Z�f�b�� 

2. Program manager �B�\�Z�g �± �w�l�h �^�Z�e�_�d�h �g�_ 
�i�_�j�\�u�c �_�]�h �i�j�h�_�d�l�� �a�Z �_�]�h �i�e�_�q�Z�f�b 7 �e�_�l �j�Z�[�h�l�u �\ 
�j�h�e�b Program-�f�_�g�_�^�`�_�j�Z�� 

3. Lead developer �:�j�k�_�g�b�c �± 
senior-�j�Z�a�j�Z�[�h�l�q�b�d �b �i�h �k�h�h�l�\�_�l�k�l�\�m�x �l�b�f�e�b�^ 
�d�h�f�Z�g�^�u �j�Z�a�j�Z�[�h�l�d�b�� 

4. Quality assurance �k�i�_�p�b�Z�e�b�k�l �<�b�d�l�h�j�b�y �± 
�i�j�h�n�_�k�k�b�h�g�Z�e �\ �k�n�_�j�_ �l�_�k�l�b�j�h�\�Z�g�b�y �I�H�� 

5. User experience �k�i�_�p�b�Z�e�b�k�l �<�Z�k�b�e�b�c �± �\ 
�i�j�h�r�e�h�f frontend �j�Z�a�j�Z�[�h�l�q�b�d�� �Z �l�_�i�_�j�v UX 
�k�i�_�p�b�Z�e�b�k�l �k�h �k�l�Z�`�_�f �[�h�e�_�_ 4 �e�_�l�� 

6. Release manager �?�]�h�j �± �i�h�k�l�h�y�g�g�u�c 
�k�h�l�j�m�^�g�b�d �d�h�f�i�Z�g�b�b�� �b�f�_�_�l �k�Z�f�u�_ �o�h�j�h�r�b�_ �h�l�a�u�\�u 
�h�l �d�e�b�_�g�l�h�\ �a�Z �\�u�i�h�e�g�_�g�b�_ �j�Z�a�\�z�j�l�u�\�Z�g�b�y �k�b�k�l�_�f�u�� 

7. �:�^�f�b�g�b�k�l�j�Z�l�h�j �d�Z�l�Z�e�h�]�Z ���d�h�g�l�_�g�l-
�f�_�g�_�^�`�_�j�� �F�Z�j�b�y �± �i�j�_�^�k�l�Z�\�b�l�_�e�v �]�j�m�i�i�u 
�a�Z�b�g�l�_�j�_�k�h�\�Z�g�g�u�o �e�b�p ���Z�^�f�b�g�b�k�l�j�Z�l�h�j�h�\ �d�Z�l�Z�e�h�]�Z�� 
�h�l�\�_�l�k�l�\�_�g�g�Z�y �a�Z �g�Z�i�h�e�g�_�g�b�_ �b �Z�d�l�m�Z�e�b�a�Z�p�b�x 
�f�m�a�u�d�Z�e�v�g�h�]�h �d�Z�l�Z�e�h�]�Z�� �g�Z�k�l�h�y�s�b�c �f�_�e�h�f�Z�g�� 

8. �K�b�k�l�_�f�g�u�c �Z�^�f�b�g�b�k�l�j�Z�l�h�j �=�_�h�j�]�b�c �± 
�i�j�_�^�k�l�Z�\�b�l�_�e�v �]�j�m�i�i�u �a�Z�b�g�l�_�j�_�k�h�\�Z�g�g�u�o �e�b�p 
���Z�^�f�b�g�b�k�l�j�Z�l�h�j�h�\ �k�b�k�l�_�f�u���� �\�k�_�k�l�h�j�h�g�g�b�c 
�k�i�_�p�b�Z�e�b�k�l�� �h�[�e�Z�^�Z�_�l �h�i�u�l�h�f �j�Z�[�h�l�u �\ HR. 

�>�Z�e�_�_ �k �i�h�f�h�s�v�x �=�B�B �h�k�m�s�_�k�l�\�e�y�_�l�k�y �j�y� ̂
�a�Z�i�j�h�k�h�\ �d �w�d�k�i�_�j�l�g�h�c �]�j�m�i�i�_ �\ �i�h�j�y�^�d�_�� 
�k�h�h�l�\�_�l�k�l�\�m�x�s�_�f �k�i�b�k�d�m �w�d�k�i�_�j�l�h�\�� �K�i�b�k�h�d 
�k�h�k�l�Z�\�e�_�g�g�u�o �a�Z�i�j�h�k�h�\�� 

1. �©�I�_�j�\�h�_ �k�e�h�\�h �g�Z �k�h�[�j�Z�g�b�b �^�Z�e�b 
�:�g�Z�k�l�Z�k�b�b�� �I�_�j�_�q�b�k�e�b �j�b�k�d�b �h�l �e�b�p�Z �:�g�Z�k�l�Z�k�b�b�� 
�d�h�l�h�j�u�_ �f�h�]�m�l �i�h�\�e�b�y�l�v �g�Z �\�u�i�h�e�g�_�g�b�_ �i�j�h�_�d�l�Z �b �_�]�h 
�j�_�a�m�e�v�l�Z�l�ª�� 

2. �©�K�e�_�^�m�x�s�_�_ �k�e�h�\�h �[�u�e�h �a�Z �B�\�Z�g�h�f�� �D�Z�d�b�_ 
�j�b�k�d�b �\�u�y�\�b�e �h�g�"�ª 

3. �©�K�e�_�^�m�x�s�b�f �[�u�e �:�j�k�_�g�b�c�� �Z �q�l�h 
�i�j�_�^�e�h�`�b�e �h�g�"�ª 

4. �©�<�u�k�e�m�r�Z�\ �i�j�_�^�e�h�`�_�g�b�y �d�h�e�e�_�]�� 
�<�b�d�l�h�j�b�y �^�h�i�h�e�g�b�e�Z �k�i�b�k�h�d �j�b�k�d�h�\�� �Q�l�h �i�j�_�^�e�h�`�b�e�Z 
�<�b�d�l�h�j�b�y�"�ª 

5. �©�K�e�_�^�m�x�s�_�_ �k�e�h�\�h �[�u�e�h �a�Z �<�Z�k�b�e�b�_�f�� 
�D�Z�d�b�_ �j�b�k�d�b �\�u�y�\�b�e �h�g�"�ª 

6. �©�A�Z�l�_�f �]�h�\�h�j�b�e �?�]�h�j�� �Q�l�h �i�j�_�^�e�h�`�b�e �h�g�"�ª 
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7. �©�G�Z�k�l�Z�e�h �\�j�_�f�y �\�u�k�e�m�r�Z�l�v �i�j�_�^�e�h�`�_�g�b�y 
�h�l �i�j�_�^�k�l�Z�\�b�l�_�e�_�c �]�j�m�i�i �a�Z�b�g�l�_�j�_�k�h�\�Z�g�g�u�o �e�b�p�� 
�F�Z�j�b�y �i�j�_�^�i�h�e�h�`�b�e�Z�� �q�l�h �\ �o�h�^�_ �j�Z�[�h�l�u �f�h�]�m�l �[�u�l�v 
�k�e�h�`�g�h�k�l�b�� �k�\�y�a�Z�g�g�u�_ �k �i�j�_�^�f�_�l�g�h�c �h�[�e�Z�k�l�v�x�� �D�Z�d�b�_ 
�j�b�k�d�b �h�g�Z �\�u�\�b�e�Z�"�ª 

8. �©�A�Z�l�_�f �\�u�k�d�Z�a�Z�e�k�y �=�_�h�j�]�b�c�� �D�Z�d�b�_ �j�b�k�d�b�� 
�i�h �_�]�h �f�g�_�g�b�x�� �f�h�]�m�l �\�h�a�g�b�d�g�m�l�v �i�j�b �k�h�a�^�Z�g�b�b 
�i�j�h�]�j�Z�f�f�g�h�]�h �i�j�h�^�m�d�l�Z�"�ª 

�I�h�k�e�_ �\�u�^�\�b�`�_�g�b�y �i�j�_�^�i�h�e�Z�]�Z�_�f�u�o �j�b�k�d�h�\ 
�w�d�k�i�_�j�l�Z�f�b �k�h�a�^�Z�z�l�k�y �a�Z�i�j�h�k �g�Z �h�[�t�_�^�b�g�_�g�b�_ �b�^�_�c �b 
�n�h�j�f�b�j�h�\�Z�g�b�_ �k�i�b�k�d�Z �d�e�x�q�_�\�u�o �j�b�k�d�h�\�� �I�j�b 
�g�_�h�[�o�h�^�b�f�h�k�l�b ���Z�[�k�h�e�x�l�g�h�f �g�_�^�h�i�m�s�_�g�b�b 
�g�_�j�Z�k�k�f�h�l�j�_�g�g�u�o �j�b�k�d�h�\�� �f�h�`�g�h �h�[�j�Z�[�Z�l�u�\�Z�l�v �\�_�k�v 
�k�i�b�k�h�d �k�]�_�g�_�j�b�j�h�\�Z�g�g�u�o �b�^�_�c�� �Z �g�_ �l�h�e�v�d�h �d�e�x�q�_�\�u�_ 
�i�h �f�g�_�g�b�x �=�B�B�� �g�h �w�l�h �a�Z�l�j�Z�l�g�h �i�h �\�j�_�f�_�g�b �b �f�Z�e�h 
�j�_�a�m�e�v�l�Z�l�b�\�g�h ���j�Z�[�h�l�Z �k�h�h�l�\�_�l�k�l�\�m�_�l �i�j�b�g�p�b�i�m 
�©���� % �m�k�b�e�b�c �^�Z�x�l 80 % �j�_�a�m�e�v�l�Z�l�Z�ª [4]). �A�Z �k�q�_�l 
�k�h�d�j�Z�s�_�g�b�y �k�i�b�k�d�Z �k�]�_�g�_�j�b�j�h�\�Z�g�g�u�o �j�b�k�d�h�\ 
�h�l�[�j�Z�k�u�\�Z�x�l�k�y �i�j�_�^�i�h�e�h�`�b�l�_�e�v�g�h �g�_�a�g�Z�q�b�f�u�_ 
�j�b�k�d�b �b �n�h�j�f�b�j�m�_�l�k�y �d�h�j�h�l�d�b�c �b �m�^�h�[�g�u�c �^�e�y 
�h�[�j�Z�[�h�l�d�b �k�i�b�k�h�d �d�e�x�q�_�\�u�o �j�b�k�d�h�\�� 

�A�Z�i�j�h�k �^�e�y �]�j�m�i�i�b�j�h�\�d�b �k�]�_�g�_�j�b�j�h�\�Z�g�g�u�o 
�j�b�k�d�h�\ �\�u�]�e�y�^�b�l �k�e�_�^�m�x�s�b�f �h�[�j�Z�a�h�f�� �©�I�h�k�e�_ 
�\�u�k�d�Z�a�u�\�Z�g�b�y �k�\�h�b�o �i�j�_�^�i�h�e�h�`�_�g�b�c �d�h�f�Z�g�^�Z 
�w�d�k�i�_�j�l�h�\ �i�h�k�h�\�_�s�Z�e�Z�k�v �b �\�u�^�\�b�g�m�e�Z �k�i�b�k�h�d 

�d�e�x�q�_�\�u�o �j�b�k�d�h�\�� �G�Z�i�b�r�b �l�h�i-25 �j�b�k�d�h�\ �b�a �l�_�o�� �q�l�h 
�[�u�e�b �i�j�_�^�e�h�`�_�g�u �w�d�k�i�_�j�l�Z�f�b �k �m�d�Z�a�Z�g�b�_�f�� �d�Z�d�b�f�b 
�w�d�k�i�_�j�l�Z�f�b �[�u�e �i�j�_�^�e�h�`�_�g �d�Z�`�^�u�c �j�b�k�d�ª�� �J�b�k�d�b�� 
�k�]�_�g�_�j�b�j�h�\�Z�g�g�u�_ �j�Z�a�g�u�f�b �w�d�k�i�_�j�l�Z�f�b�� �f�h�]�m�l �b �[�m�^�m�l 
�i�_�j�_�k�_�d�Z�l�v�k�y�� 

�J�Z�a�f�_�j �k�i�b�k�d�Z �d�e�x�q�_�\�u�o �j�b�k�d�h�\ �a�Z�\�b�k�b�l �h�l 
�h�[�s�_�]�h �q�b�k�e�Z �g�Z�c�^�_�g�g�u�o �j�b�k�d�h�\�� �J�_�d�h�f�_�g�^�m�_�l�k�y 
�[�j�Z�l�v �h�d�h�e�h 30 % �h�l �h�[�s�_�]�h �q�b�k�e�Z �j�b�k�d�h�\�� �I�j�b �w�l�h�f 
�k�i�b�k�d�b �b�a �[�h�e�_�_ �q�_�f 40 �j�b�k�d�h�\ �n�h�j�f�b�j�m�x�l�k�y 
�^�h�\�h�e�v�g�h �g�_�l�h�q�g�h�� �m�q�Z�s�Z�x�l�k�y �©�]�Z�e�e�x�p�b�g�Z�p�b�b�ª 
�=�B�B�� �b �^�h�[�Z�\�e�y�_�f�u�_ �j�b�k�d�b �h�[�u�q�g�h �f�Z�e�h�a�g�Z�q�b�f�u�� 

�>�Z�g�g�u�_ �a�Z�i�j�h�k�u �[�u�e�b �b�k�i�h�e�v�a�h�\�Z�g�u �\ �o�h�^�_ 
�h�[�s�_�g�b�y �k �l�j�_�f�y �h�[�s�_�^�h�k�l�m�i�g�u�f�b �q�Z�l-�[�h�l�Z�f�b�� 
GigaChat, YaGPT �b ChatGPT-4o [5-7]. �G�Z�b�[�h�e�_�_ 
�w�n�n�_�d�l�b�\�g�u�f �=�B�B �^�e�y �\�u�y�\�e�_�g�b�y �j�b�k�d�h�\ �h�d�Z�a�Z�e�k�y 
ChatGPT. �?�]�h �h�l�\�_�l�u �[�u�e�b �[�h�e�_�_ �l�h�q�g�u�f�b �b 
�m�g�b�d�Z�e�v�g�u�f�b�� �k�h�^�_�j�`�Z�s�b�f�b �^�_�l�Z�e�v�g�h�_ �h�i�b�k�Z�g�b�_�� 
�[�e�Z�]�h�^�Z�j�y �_�f�m�� �m�^�Z�e�h�k�v �g�Z�c�l�b �[�h�e�v�r�m�x �^�h�e�x �j�b�k�d�h�\�� 
GigaChat �\�u�k�l�m�i�b�e �o�h�j�h�r�_�c �h�l�_�q�_�k�l�\�_�g�g�h�c 
�Z�e�v�l�_�j�g�Z�l�b�\�g�h�c ChatGPT. �A�g�Z�q�b�l�_�e�v�g�m�x �g�_�l�h�q�g�h�k�l�v 
�i�h�d�Z�a�Z�e YaGPT. �I�j�_�^�i�h�e�h�`�b�l�_�e�v�g�h�� �w�l�h �k�\�y�a�Z�g�h �k 
�i�e�h�o�h �j�Z�a�\�b�l�h�c �\�h�a�f�h�`�g�h�k�l�v�x �i�h�^�^�_�j�`�d�b �^�b�Z�e�h�]�Z�� 
�H�^�g�Z�d�h �d�e�x�q�_�\�u�_ �j�b�k�d�b �k�f�h�]�e�b �h�i�j�_�^�_�e�b�l�v �\�k�_ �=�B�B�� 
�K�j�Z�\�g�_�g�b�_ �q�Z�l-�[�h�l�h�\ �g�Z �h�k�g�h�\�_ �i�h�e�m�q�_�g�g�u�o �j�b�k�d�h�\ 
�i�j�_�^�k�l�Z�\�e�_�g�h �\ �l�Z�[�e�b�p�_ 1. 

�L �Z �[ �e �b �p �Z 1  �± �K�j�Z�\�g�_�g�b�_ �q�Z�l-�[�h�l�h�\ 
�D�j�b�l�_�j�b�c �h�p�_�g�b�\�Z�g�b�y GigaChat YandexGPT ChatGPT 

�D�h�e�b�q�_�k�l�\�h �j�b�k�d�h�\ 75 62 80 
�D�h�e�b�q�_�k�l�\�h �m�g�b�d�Z�e�v�g�u�o �j�b�k�d�h�\ 52 32 65 
�D�Z�q�_�k�l�\�h �n�h�j�f�m�e�b�j�h�\�h�d (1-10) 9 3 10 
�K�h�h�l�\�_�l�k�l�\�b�_ �j�Z�a�j�Z�[�Z�l�u�\�Z�_�f�h�f�m �i�j�h�_�d�l�m (1-10)  7 5 8 

 
�I�_�j�_�q�b�k�e�_�g�b�_ �\�k�_�o �k�]�_�g�_�j�b�j�h�\�Z�g�g�u�o �j�b�k�d�h�\ 

�b�a�e�b�r�g�_�� �D�Z�`�^�u�c �w�d�k�i�_�j�l �\�u�y�\�b�e �i�h 8-10 �j�b�k�d�h�\�� 
�i�h�k�e�_ �q�_�]�h �j�b�k�d�b �h�[�t�_�^�b�g�b�e�b�k�v�� �b �[�u�e �k�n�h�j�f�b�j�h�\�Z�g 
�k�i�b�k�h�d �\�Z�`�g�_�c�r�b�o�� �< �b�l�h�]�_ �[�u�e �i�h�e�m�q�_�g �k�i�b�k�h�d �b�a 
40 �j�b�k�d�h�\�� �H�l �d�Z�`�^�h�]�h �q�Z�l-�[�h�l�Z �[�u�e�h �i�j�_�^�e�h�`�_�g�h �i�h 
25 �j�b�k�d�h�\�� �i�j�b �w�l�h�f �i�h�q�l�b �i�h�e�h�\�b�g�Z �j�b�k�d�h�\ 
�i�_�j�_�k�_�d�Z�e�Z�k�v�� 

�K�e�_�^�m�x�s�b�c �r�Z�] �± �i�j�b�f�_�g�_�g�b�_ �w�d�k�i�_�j�l�g�h�c 
�h�p�_�g�d�b ���i�j�h�\�h�^�b�l�k�y �l�_�k�l-�f�_�g�_�^�`�_�j�h�f���� �>�e�y 
�h�i�j�_�^�_�e�_�g�b�y �\�Z�`�g�h�k�l�b �j�b�k�d�Z �b�k�i�h�e�v�a�h�\�Z�e�h�k�v �^�\�Z 

�d�j�b�l�_�j�b�y�� �\�_�j�h�y�l�g�h�k�l�v �i�h�y�\�e�_�g�b�y �b �\�e�b�y�g�b�_ �j�b�k�d�Z�� 
�D�j�b�l�_�j�b�b �h�p�_�g�b�\�Z�e�b�k�v �i�h �r�d�Z�e�_ �h�l 1 �^�h 7, �]�^�_ 1 �± 
�f�b�g�b�f�Z�e�v�g�h�_ �a�g�Z�q�_�g�b�_�� �Z 7 �± �f�Z�d�k�b�f�Z�e�v�g�h�_�� 
�h�k�l�Z�e�v�g�u�_ �a�g�Z�q�_�g�b�y �j�Z�\�g�h�m�^�Z�e�_�g�u �^�j�m�] �h�l �^�j�m�]�Z�� �< 
�a�Z�\�b�k�b�f�h�k�l�b �h�l �i�j�h�_�d�l�Z �r�d�Z�e�m �f�h�`�g�h �f�_�g�y�l�v�� 

�<�_�e�b�q�b�g�Z �j�b�k�d�Z �n�h�j�f�b�j�m�_�l�k�y �d�Z�d 
�i�j�h�b�a�\�_�^�_�g�b�_ �a�g�Z�q�_�g�b�c �w�l�b�o �d�j�b�l�_�j�b�_�\�� �< 
�a�Z�\�b�k�b�f�h�k�l�b �h�l �g�_�z �j�Z�k�k�l�Z�\�e�y�x�l�k�y �i�j�b�h�j�b�l�_�l�u 
���l�Z�[�e�b�p�Z 2). 

�L �Z �[ �e �b �p �Z 2  �± �H�i�j�_�^�_�e�_�g�b�_ �i�j�b�h�j�b�l�_�l�Z �j�b�k�d�Z �i�h �_�]�h �\�_�e�b�q�b�g�_ 
 �<�_�j�h�y�l�g�h�k�l�v / �<�e�b�y�g�b�_ 1 2 3 4 5 6 7 

1 1 2 3 4 5 6 7 
2 2 4 6 8 10 12 14 
3 3 6 9 12 15 18 21 
4 4 8 12 16 20 24 28 
5 5 10 15 20 25 30 35 
6 6 12 18 24 30 36 42 
7 7 14 21 28 35 42 49 

 
�D�Z�`�^�u�c �b�a �p�\�_�l�h�\ �\ �l�Z�[�e�b�p�_ 2 �h�i�j�_�^�_�e�y�_�l 

�i�j�b�h�j�b�l�_�l �j�b�k�d�Z�� �A�_�e�z�g�u�c �± �f�b�g�b�f�Z�e�v�g�u�c�� �`�z�e�l�u�c �± 
�g�b�a�d�b�c�� �h�j�Z�g�`�_�\�u�c �± �k�j�_�^�g�b�c�� �d�j�Z�k�g�u�c �± �\�u�k�h�d�b�c�� 
�J�Z�k�i�j�_�^�_�e�_�g�b�_ �p�\�_�l�h�\ �h�l�g�h�k�b�l�_�e�v�g�h �a�g�Z�q�_�g�b�c 
�\�_�e�b�q�b�g�u �j�b�k�d�h�\ �h�i�j�_�^�_�e�y�_�l�k�y �w�d�k�i�_�j�l�g�u�f �h�[�j�Z�a�h�f�� 

�K�h�]�e�Z�k�g�h �w�d�k�i�_�j�l�g�h�c �h�p�_�g�d�_�� �[�u�e �i�h�e�m�q�_�g 
�k�i�b�k�h�d �j�b�k�d�h�\�� �h�l�k�h�j�l�b�j�h�\�Z�g�g�u�c �i�h �m�[�u�\�Z�g�b�x �b�o 

�\�_�e�b�q�b�g�u�� �< �l�Z�[�e�b�p�_ 3 �i�j�b�\�_�^�_�g�u �i�h�e�m�q�_�g�g�u�_ �j�b�k�d�b 
�^�e�y �k�j�_�^�g�_�]�h �b �\�u�k�h�d�h�]�h �i�j�b�h�j�b�l�_�l�Z�� 

�I�_�j�_�c�^�_�f �d �k�e�_�^�m�x�s�_�f�m �w�l�Z�i�m �m�i�j�Z�\�e�_�g�b�y 
�j�b�k�d�Z�f�b �± �i�e�Z�g�b�j�h�\�Z�g�b�x�� �< �d�Z�q�_�k�l�\�_ �i�j�b�f�_�j�Z 
�i�j�b�f�_�g�_�g�b�y j-�f�_�l�h�^�b�d�b �^�e�y �i�e�Z�g�b�j�h�\�Z�g�b�y �j�b�k�d�h�\ 
�j�Z�k�k�f�h�l�j�b�f �l�h�e�v�d�h �j�b�k�d�b �k �\�u�k�h�d�b�f�b �i�j�b�h�j�b�l�_�l�Z�f�b 
���l�Z�[�e�b�p�Z 4). 
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�L �Z �[ �e �b �p �Z 3  �± �G�Z�b�[�h�e�_�_ �\�Z�`�g�u�_ �j�b�k�d�b 

�‹  �=�B�B �G�Z�a�\�Z�g�b�_ �j�b�k�d�Z (ID) �<�_�j�h�y�l�g�h�k�l�v 
(1-7) 

�<�e�b�y�g�b�_ 
(1-7) 

�<�_�e�b�q
�b�g�Z 

�j�b�k�d�Z 
1 �<�k�_ �G�_�o�\�Z�l�d�Z �\�j�_�f�_�g�g�u�o �j�_�k�m�j�k�h�\ 7 7 49 
2 �<�k�_ �G�_�^�h�k�l�Z�l�h�q�g�Z�y �[�_�a�h�i�Z�k�g�h�k�l�v �k�b�k�l�_�f�u 6 7 42 

3 GigaChat �A�Z�\�b�k�b�f�h�k�l�v �h�l �d�e�x�q�_�\�u�o 
�k�h�l�j�m�^�g�b�d�h�\ 

6 6 36 

4 �<�k�_ �G�_�^�h�i�h�g�b�f�Z�g�b�_ �l�j�_�[�h�\�Z�g�b�c �a�Z�d�Z�a�q�b�d�Z 5 7 35 

5 �<�k�_ 
�K�e�h�`�g�h�k�l�b �k �Z�\�l�h�j�k�d�b�f�b �i�j�Z�\�Z�f�b �b 
�e�b�p�_�g�a�b�j�h�\�Z�g�b�_�f 5 7 35 

6 GigaChat �B�a�f�_�g�_�g�b�y �l�j�_�[�h�\�Z�g�b�c �\ �i�j�h�p�_�k�k�_ 
�j�Z�a�j�Z�[�h�l�d�b 

5 6 30 

7 GigaChat �D�h�f�f�m�g�b�d�Z�p�b�h�g�g�u�_ �i�j�h�[�e�_�f�u 5 6 30 

8 ChatGPT, 
GigaChat 

�G�_�i�h�e�g�h�_ �b�e�b �g�_�^�h�k�l�Z�l�h�q�g�h�_ 
�l�_�k�l�b�j�h�\�Z�g�b�_ �k�b�k�l�_�f�u 

5 5 25 

9 ChatGPT �I�j�h�[�e�_�f�u �k �f�Z�k�r�l�Z�[�b�j�m�_�f�h�k�l�v�x 5 5 25 
10 GigaChat �G�_�m�k�l�h�c�q�b�\�u�c �i�h�l�h�d �g�h�\�h�]�h �d�h�g�l�_�g�l�Z 5 5 25 
11 YaGPT �G�_�m�^�Z�q�g�u�c �\�u�\�h�^ �i�j�h�^�m�d�l�Z �g�Z �j�u�g�h�d 5 5 25 
12 GigaChat �H�r�b�[�d�b �\ �e�h�d�Z�e�b�a�Z�p�b�b 4 6 24 

13 YaGPT �H�l�k�m�l�k�l�\�b�_ �i�j�_�b�f�m�s�_�k�l�\ �i�_�j�_�^ 
�Z�g�Z�e�h�]�Z�f�b 

6 4 24 

14 GigaChat �L�_�o�g�b�q�_�k�d�b�_ �^�h�e�]�b 5 4 20 

15 ChatGPT, 
YaGPT 

�K�e�h�`�g�h�k�l�b �k �m�i�j�Z�\�e�_�g�b�_�f �h�`�b�^�Z�g�b�y�f
�b �a�Z�b�g�l�_�j�_�k�h�\�Z�g�g�u�o �e�b�p 

3 6 18 

16 �<�k�_ 
�K�[�h�c �h�[�h�j�m�^�h�\�Z�g�b�y �b�e�b 
�b�g�n�j�Z�k�l�j�m�d�l�m�j�u 3 6 18 

�>�e�y �=�B�B �[�u�e �k�h�k�l�Z�\�e�_�g �i�j�h�f�i�l�� �©�>�Z�e�_�_ 
�w�d�k�i�_�j�l�Z�f �g�_�h�[�o�h�^�b�f�h �k�h�k�l�Z�\�b�l�v �i�e�Z�g 
�i�j�_�^�h�l�\�j�Z�s�_�g�b�y ���d�Z�d �m�f�_�g�v�r�b�l�v �r�Z�g�k 
�\�h�a�g�b�d�g�h�\�_�g�b�y�� �j�b�k�d�h�\�� �h�i�j�_�^�_�e�b�l�v �l�j�b�]�]�_�j ���l�h�q�d�Z�� 
�i�j�b �d�h�l�h�j�h�c �f�h�`�g�h �k�q�b�l�Z�l�v�� �q�l�h �j�b�k�d �g�Z�q�Z�e 
�\�u�i�h�e�g�y�l�v�k�y�� �b �k�h�k�l�Z�\�b�l�v �i�e�Z�g �j�_�Z�]�b�j�h�\�Z�g�b�y ���q�l�h 

�^�_�e�Z�l�v�� �_�k�e�b �j�b�k�d �\�k�z-�l�Z�d�b �i�j�h�b�a�h�r�z�e���� �W�d�k�i�_�j�l�u 
�g�Z�q�Z�e�b �j�Z�a�[�b�j�Z�l�v�k�y �b �\ �o�h�^�_ �h�[�k�m�`�^�_�g�b�y �i�j�b�r�e�b �d 
�h�i�j�_�^�_�e�z�g�g�u�f �\�u�\�h�^�Z�f�� �G�Z �d�Z�`�^�u�c �\�u�y�\�e�_�g�g�u�c 
�j�b�k�d �\�u�\�_�^�b �i�j�_�^�e�h�`�_�g�g�u�_ �i�e�Z�g�u �i�j�_�^�h�l�\�j�Z�s�_�g�b�y�� 
�l�j�b�]�]�_�j�u �b �i�e�Z�g�u �j�_�Z�]�b�j�h�\�Z�g�b�y�� �Z �l�Z�d�`�_ �e�x�^�_�c�� 
�d�h�l�h�j�u�_ �i�j�_�^�e�h�`�b�e�b �w�l�b �b�^�_�b�ª�� 

�L �Z �[ �e �b �p �Z 4  �± �I�e�Z�g�b�j�h�\�Z�g�b�_ �j�b�k�d�h�\ 
�‹  �G�Z�a�\�Z�g�b�_  �I�e�Z�g�u �i�j�_�^�h�l�\�j�Z�s�_�g�b�y �L�j�b�]�]�_�j �I�e�Z�g�u �j�_�Z�]�b�j�h�\�Z�g�b�y 

1 

�G�_�o�\�Z�l�d�Z 
�\�j�_�f�_�g�g�u�o 
�j�_�k�m�j�k�h�\ 

�K�h�k�l�Z�\�b�l�v �^�_�l�Z�e�v�g�u�c 
�]�j�Z�n�b�d �i�j�h�_�d�l�Z 
�I�j�h�\�_�k�l�b �j�_�]�m�e�y�j�g�u�_ 
�h�p�_�g�d�b �j�_�k�m�j�k�h�\ 

�A�Z�^�_�j�`�d�b �\ 
�\�u�i�h�e�g�_�g�b�b 
�a�Z�^�Z�q 

�I�_�j�_�j�Z�k�i�j�_�^�_�e�b�l�v 
�j�_�k�m�j�k�u 
�M�\�_�e�b�q�b�l�v �[�x�^�`�_�l �g�Z 
�i�j�h�_�d�l 

2 

�G�_�^�h�k�l�Z�l�h�q�g�Z�y 
�[�_�a�h�i�Z�k�g�h�k�l�v 
�k�b�k�l�_�f�u 

�I�j�h�\�_�k�l�b �Z�m�^�b�l 
�[�_�a�h�i�Z�k�g�h�k�l�b 
�<�g�_�^�j�b�l�v 
�f�g�h�]�h�m�j�h�\�g�_�\�m�x �a�Z�s�b�l�m 

�H�[�g�Z�j�m�`�_�g�b
�_ 
�m�y�a�\�b�f�h�k�l�_�c 
�\ �k�b�k�l�_�f�_ 

�H�l�d�e�x�q�b�l�v �m�y�a�\�b�f�u�_ 
�d�h�f�i�h�g�_�g�l�u 
�M�k�l�j�Z�g�b�l�v �m�y�a�\�b�f�h�k�l�b 

3 

�A�Z�\�b�k�b�f�h�k�l�v �h�l 
�d�e�x�q�_�\�u�o 
�k�h�l�j�m�^�g�b�d�h�\ 

�H�[�m�q�b�l�v �j�_�a�_�j�\�g�u�o 
�k�h�l�j�m�^�g�b�d�h�\ 
�K�h�a�^�Z�l�v �^�h�d�m�f�_�g�l�Z�p�b�x �i�h 
�d�j�b�l�b�q�_�k�d�b �\�Z�`�g�u�f 
�i�j�h�p�_�k�k�Z�f 

�M�\�h�e�v�g�_�g�b�_ 
�b�e�b �^�e�b�l�_�e�v
�g�u�c �[�h�e�v�g�b�q
�g�u�c �h�l�i�m�k�d 
�d�e�x�q�_�\�h�]�h 
�k�h�l�j�m�^�g�b�d�Z 

�:�d�l�b�\�b�j�h�\�Z�l�v �j�_�a�_�j�\�g
�u�o �k�h�l�j�m�^�g�b�d�h�\ 
�H�[�g�h�\�b�l�v 
�^�h�d�m�f�_�g�l�Z�p�b�x 
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�I�j�h�^�h�e�`�_�g�b�_ �l�Z�[�e�b�p�u 4 
�‹  �G�Z�a�\�Z�g�b�_  �I�e�Z�g�u �i�j�_�^�h�l�\�j�Z�s�_�g�b�y �L�j�b�]�]�_�j �I�e�Z�g�u �j�_�Z�]�b�j�h�\�Z�g�b�y 

4 

�G�_�^�h�i�h�g�b�f�Z�g�b
�_ �l�j�_�[�h�\�Z�g�b�c 
�a�Z�d�Z�a�q�b�d�Z 

�I�j�h�\�_�k�l�b �^�_�l�Z�e�v�g�h�_ 
�h�[�k�m�`�^�_�g�b�_ �l�j�_�[�h�\�Z�g�b�c �k 
�a�Z�d�Z�a�q�b�d�h�f 
�K�h�a�^�Z�l�v �i�j�h�l�h�l�b�i 

�K�g�b�`�_�g�b�_ 
�\�h�\�e�_�q�_�g�g�h�k�l
�b �a�Z�d�Z�a�q�b�d�Z �\ 
�i�j�h�_�d�l 

�I�h�\�l�h�j�g�h�_ 
�h�[�k�m�`�^�_�g�b�_ 
�l�j�_�[�h�\�Z�g�b�c 
�I�j�b�\�e�_�q�_�g�b�_ 
�^�h�i�h�e�g�b�l�_�e�v�g�u�o 
�j�_�k�m�j�k�h�\ �^�e�y 
�i�j�h�y�k�g�_�g�b�y 

5 

�K�e�h�`�g�h�k�l�b �k 
�Z�\�l�h�j�k�d�b�f�b 
�i�j�Z�\�Z�f�b �b 
�e�b�p�_�g�a�b�j�h�\�Z�g�b
�_�f 

�B�a�m�q�b�l�v 
�a�Z�d�h�g�h�^�Z�l�_�e�v�k�l�\�h �\ 
�h�[�e�Z�k�l�b �Z�\�l�h�j�k�d�b�o �i�j�Z�\ 
�D�h�g�k�m�e�v�l�b�j�h�\�Z�l�v�k�y �k 
�x�j�b�k�l�Z�f�b 

�I�h�y�\�e�_�g�b�_ 
�g�h�\�u�o 
�l�j�_�[�h�\�Z�g�b�c �d 
�e�b�p�_�g�a�b�j�h�\�Z�g
�b�x 

�I�j�b�\�e�_�q�v �x�j�b�k�l�Z �^�e�y 
�j�_�r�_�g�b�y �i�j�h�[�e�_�f 
�I�_�j�_�k�f�h�l�j�_�l�v �d�h�g�l�_�g�l 

6 

�B�a�f�_�g�_�g�b�y 
�l�j�_�[�h�\�Z�g�b�c �\ 
�i�j�h�p�_�k�k�_ 
�j�Z�a�j�Z�[�h�l�d�b 

�A�Z�n�b�d�k�b�j�h�\�Z�l�v �\�k�_ 
�b�a�f�_�g�_�g�b�y �l�j�_�[�h�\�Z�g�b�c 
�J�_�]�m�e�y�j�g�u�_ �\�k�l�j�_�q�b �^�e�y 
�h�[�k�m�`�^�_�g�b�y �b�a�f�_�g�_�g�b�c 

�A�Z�i�j�h�k�u �h�l 
�a�Z�d�Z�a�q�b�d�Z �g�Z 
�b�a�f�_�g�_�g�b�y 
�l�j�_�[�h�\�Z�g�b�c 
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�i�h�^�q�_�j�d�b�\�Z�_�l�� �w�d�h�g�h�f�b�q�_�k�d�m�x�� �a�g�Z�q�b�f�h�k�l�v�� �^�Z�g�g�h�c��
�h�l�j�Z�k�e�b�� 

�:�d�l�m�Z�e�v�g�h�k�l�v�� �G�_�k�f�h�l�j�y���g�Z���i�h�i�m�e�y�j�g�h�k�l�v���b��
�a�g�Z�q�b�f�h�k�l�v�� �g�m�f�b�a�f�Z�l�b�d�b���� �k�m�s�_�k�l�\�m�x�s�b�_�� �f�_�l�h�^�u��
�b�^�_�g�l�b�n�b�d�Z�p�b�b���l�b�i�h�\���f�h�g�_�l���b�f�_�x�l���j�y�^���h�]�j�Z�g�b�q�_�g�b�c����
�L�j�Z�^�b�p�b�h�g�g�u�_�� �i�h�^�o�h�^�u���� �h�k�g�h�\�Z�g�g�u�_�� �g�Z��
�b�k�i�h�e�v�a�h�\�Z�g�b�b�� �]�_�h�f�_�l�j�b�q�_�k�d�b�o�� �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �b��
�[�Z�a�h�\�u�o�� �Z�e�]�h�j�b�l�f�h�\�� �h�[�j�Z�[�h�l�d�b�� �b�a�h�[�j�Z�`�_�g�b�c����
�i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�b�� �m�k�i�_�r�g�h�k�l�v���\���j�y�^�_���k�e�m�q�Z�_�\�����g�h��
�b�o�� �w�n�n�_�d�l�b�\�g�h�k�l�v�� �j�_�a�d�h�� �k�g�b�`�Z�_�l�k�y�� �i�j�b�� �g�Z�e�b�q�b�b��
�h�l�d�e�h�g�_�g�b�c���� �l�Z�d�b�o�� �d�Z�d�� �b�a�g�h�k�� �f�h�g�_�l���� �j�Z�a�e�b�q�b�y�� �\��
�h�k�\�_�s�_�g�b�b�� �b�e�b�� �n�h�g�h�\�u�c�� �r�m�f���� �D�j�h�f�_�� �l�h�]�h����
�[�h�e�v�r�b�g�k�l�\�h�� �^�h�k�l�m�i�g�u�o�� �g�Z�[�h�j�h�\�� �^�Z�g�g�u�o��
�i�j�_�^�k�l�Z�\�e�y�x�l���k�h�\�j�_�f�_�g�g�u�_���f�h�g�_�l�u���a�Z�i�Z�^�g�u�o���k�l�j�Z�g����
�q�l�h�� �a�Z�l�j�m�^�g�y�_�l�� �b�^�_�g�l�b�n�b�d�Z�p�b�x�� �f�h�g�_�l�� �^�j�m�]�b�o��
�j�_�]�b�h�g�h�\���b���\�j�_�f�_�g�g�u�o���i�_�j�b�h�^�h�\�����\�d�e�x�q�Z�y���\�u�r�_�^�r�b�_��
�b�a�� �h�[�j�Z�s�_�g�b�y�� �f�h�g�_�l�u�� �i�_�j�b�h�^�Z�� �J�h�k�k�b�c�k�d�h�c�� �b�f�i�_�j�b�b��
���J�B������ �<�u�r�_�i�_�j�_�q�b�k�e�_�g�g�u�_�� �n�Z�d�l�h�j�u�� �m�k�m�]�m�[�e�y�x�l��
�k�e�h�`�g�h�k�l�v�� �a�Z�^�Z�q�b���� �^�_�e�Z�y�� �_�z�� �g�_�l�j�b�\�b�Z�e�v�g�h�c�� �b��
�l�j�_�[�m�x�s�_�c���b�k�i�h�e�v�a�h�\�Z�g�b�y���i�_�j�_�^�h�\�u�o���f�_�l�h�^�h�\���>���@�� 

�F�_�l�h�^�u�� �I�h�^�o�h�^�u �d �d�e�Z�k�k�b�n�b�d�Z�p�b�b 
�b�a�h�[�j�Z�`�_�g�b�c �^�_�e�y�l�k�y �g�Z �l�j�Z�^�b�p�b�h�g�g�u�_�� �l�Z�d�b�_ �d�Z�d 
�Z�g�Z�e�b�a �l�_�d�k�l�m�j �b �]�_�h�f�_�l�j�b�b �k �b�k�i�h�e�v�a�h�\�Z�g�b�_�f �f�_�l�h�^�Z 
�h�i�h�j�g�u�o �\�_�d�l�h�j�h�\ (SVM), �k�e�m�q�Z�c�g�u�o �e�_�k�h�\ �b �f�_�l�h�^�Z 
�[�e�b�`�Z�c�r�b�o �k�h�k�_�^�_�c (k-NN) �b �k�h�\�j�_�f�_�g�g�u�_�� 
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�[�Z�a�b�j�m�x�s�b�_�k�y �g�Z �k�\�_�j�l�h�q�g�u�o �g�_�c�j�h�g�g�u�o �k�_�l�y�o 
(CNN), �l�Z�d�b�o �d�Z�d�� �g�Z�i�j�b�f�_�j�� MobileNet �b ResNet, 
�k�i�h�k�h�[�g�u�o �Z�\�l�h�f�Z�l�b�q�_�k�d�b �b�a�\�e�_�d�Z�l�v �i�j�b�a�g�Z�d�b�� 
�L�Z�d�`�_ �i�j�b�f�_�g�y�x�l�k�y �]�b�[�j�b�^�g�u�_ �i�h�^�o�h�^�u�� 
�h�[�t�_�^�b�g�y�x�s�b�_ CNN �k �j�_�d�m�j�j�_�g�l�g�u�f�b �g�_�c�j�h�g�g�u�f�b 
�k�_�l�b (RNN) �^�e�y �Z�g�Z�e�b�a�Z �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�u�o 
�i�j�b�a�g�Z�d�h�\�� �b �l�j�Z�g�k�n�h�j�f�_�j�u�� �Z�^�Z�i�l�b�j�h�\�Z�g�g�u�_ �^�e�y 
�h�[�j�Z�[�h�l�d�b �b�a�h�[�j�Z�`�_�g�b�c�� �q�l�h �m�e�m�q�r�Z�_�l �l�h�q�g�h�k�l�v 
�d�e�Z�k�k�b�n�b�d�Z�p�b�b�� 

�I�h �f�_�j�_ �j�Z�a�\�b�l�b�y �f�_�l�h�^�h�\ �d�e�Z�k�k�b�n�b�d�Z�p�b�b 
�b�a�h�[�j�Z�`�_�g�b�c�� �k�l�Z�g�h�\�b�l�k�y �h�q�_�\�b�^�g�h�c �g�_�h�[�o�h�^�b�f�h�k�l�v 
�\�g�_�^�j�_�g�b�y �^�b�g�Z�f�b�q�_�k�d�b�o �f�h�^�_�e�_�c �\ �h�[�e�Z�k�l�b 
�g�m�f�b�a�f�Z�l�b�d�b�� �L�j�Z�^�b�p�b�h�g�g�u�_ �f�_�l�h�^�u �k�h�a�^�Z�x�l 
�w�d�k�i�e�m�Z�l�Z�p�b�h�g�g�u�_ �i�j�h�[�e�_�f�u�� �\�d�e�x�q�Z�y �\�u�k�h�d�b�_ 
�a�Z�l�j�Z�l�u �\�j�_�f�_�g�b �b �j�_�k�m�j�k�h�\ �g�Z �j�m�q�g�h�_ �\�u�^�_�e�_�g�b�_ 
�i�j�b�a�g�Z�d�h�\�� �h�]�j�Z�g�b�q�_�g�g�m�x �f�Z�k�r�l�Z�[�b�j�m�_�f�h�k�l�v �^�e�y 
�[�h�e�v�r�b�o �^�Z�g�g�u�o �b �g�_�h�[�o�h�^�b�f�h�k�l�v �i�h�e�g�h�]�h 
�i�_�j�_�h�[�m�q�_�g�b�y �i�j�b �^�h�[�Z�\�e�_�g�b�b �g�h�\�u�o �d�e�Z�k�k�h�\�� �W�l�b 
�f�_�l�h�^�u �l�Z�d�`�_ �q�m�\�k�l�\�b�l�_�e�v�g�u �d �\�u�[�h�j�m 
�]�b�i�_�j�i�Z�j�Z�f�_�l�j�h�\ �b �k�e�h�`�g�u �\ �g�Z�k�l�j�h�c�d�_�� �q�l�h �k�g�b�`�Z�_�l 
�b�o �i�j�Z�d�l�b�q�_�k�d�m�x �i�j�b�f�_�g�b�f�h�k�l�v �\ �m�k�e�h�\�b�y�o 
�^�b�g�Z�f�b�q�_�k�d�b�o �b�e�b �k�e�h�`�g�u�o �^�Z�g�g�u�o�� �q�l�h 
�i�h�^�q�_�j�d�b�\�Z�_�l �g�_�h�[�o�h�^�b�f�h�k�l�v �\ �[�h�e�_�_ �g�Z�^�_�`�g�u�o 
�k�b�k�l�_�f�Z�o�� �k�i�h�k�h�[�g�u�o �m�q�b�l�u�\�Z�l�v �j�Z�a�g�h�h�[�j�Z�a�g�m�x �b 
�k�e�h�`�g�m�x �i�j�b�j�h�^�m �q�_�d�Z�g�d�b [2]. 

�<�\�_�^�_�g�b�_ �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o �^�Z�l�Z�k�_�l�h�\�� 
�l�Z�d�b�o �d�Z�d �g�Z�[�h�j �^�Z�g�g�u�o �i�h �j�b�f�k�d�b�f 
�j�_�k�i�m�[�e�b�d�Z�g�k�d�b�f �f�h�g�_�l�Z�f (RRCD), �i�j�_�^�h�k�l�Z�\�b�e�h 
�\�h�a�f�h�`�g�h�k�l�v �^�e�y �j�Z�a�\�b�l�b�y �f�_�l�h�^�h�\ �d�e�Z�k�k�b�n�b�d�Z�p�b�b �\ 
�k�n�_�j�_ �g�m�f�b�a�f�Z�l�b�d�b [3]. RRCD �i�h�a�\�h�e�y�_�l �w�n�n�_�d�l�b�\�g�h 
�h�[�m�q�Z�l�v �f�h�^�_�e�b �]�e�m�[�h�d�h�]�h �h�[�m�q�_�g�b�y�� �h�[�_�k�i�_�q�b�\�Z�y 
�j�_�i�j�_�a�_�g�l�Z�l�b�\�g�h�k�l�v �^�Z�g�g�u�o�� �K�l�Z�g�^�Z�j�l�b�a�b�j�h�\�Z�g�g�Z�y 

�k�l�j�m�d�l�m�j�Z �g�Z�[�h�j�Z �h�[�e�_�]�q�Z�_�l �k�j�Z�\�g�b�l�_�e�v�g�u�c �Z�g�Z�e�b�a 
�f�_�l�h�^�h�\�� �q�l�h �k�i�h�k�h�[�k�l�\�m�_�l �j�Z�a�\�b�l�b�x �[�h�e�_�_ �l�h�q�g�u�o �b 
�g�Z�^�z�`�g�u�o �j�_�r�_�g�b�c �\ �h�[�e�Z�k�l�b �g�m�f�b�a�f�Z�l�b�d�b�� �L�Z�d�b�f 
�h�[�j�Z�a�h�f�� �b�k�i�h�e�v�a�h�\�Z�g�b�_ �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o 
�^�Z�l�Z�k�_�l�h�\�� �\ �k�h�q�_�l�Z�g�b�b �k �l�_�o�g�h�e�h�]�b�y�f�b �]�e�m�[�h�d�h�]�h 
�h�[�m�q�_�g�b�y �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �a�g�Z�q�b�l�_�e�v�g�u�c �r�Z�] 
�\�i�_�j�_�^ �^�e�y �g�m�f�b�a�f�Z�l�b�d�b�� 

�<�u�[�h�j �Z�j�o�b�l�_�d�l�m�j�u�� �G�Z �h�k�g�h�\�_ �Z�g�Z�e�b�a�Z 
�w�n�n�_�d�l�b�\�g�h�k�l�b �Z�j�o�b�l�_�d�l�m�j �^�e�y �a�Z�^�Z�q �d�e�Z�k�k�b�n�b�d�Z�p�b�b 
�f�h�g�_�l �b�a �g�Z�[�h�j�Z RRCD [3, 4] �[�u�e�Z �\�u�[�j�Z�g�Z 
�Z�j�o�b�l�_�d�l�m�j�Z MobileNetV3-Large. �H�g�Z �^�_�f�h�g�k�l�j�b�j�m�_�l 
�\�u�k�h�d�m�x �l�h�q�g�h�k�l�v �i�j�b �k�j�Z�\�g�b�l�_�e�v�g�h �f�Z�e�h�f 
�d�h�e�b�q�_�k�l�\�_ �i�Z�j�Z�f�_�l�j�h�\ ���i�j�b�f�_�j�g�h 5.4 �f�b�e�e�b�h�g�Z���� �q�l�h 
�^�_�e�Z�_�l �_�z �i�h�^�o�h�^�y�s�_�c �^�e�y �f�h�[�b�e�v�g�u�o �b �\�k�l�j�h�_�g�g�u�o 
�k�b�k�l�_�f�� �>�e�y �k�j�Z�\�g�_�g�b�y�� ResNet-50, �q�Z�k�l�h 
�b�k�i�h�e�v�a�m�_�f�Z�y �\ �a�Z�^�Z�q�Z�o �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �k�h�^�_�j�`�b�l 
�h�d�h�e�h 23.5 �f�b�e�e�b�h�g�h�\ �i�Z�j�Z�f�_�l�j�h�\�� �q�l�h �a�g�Z�q�b�l�_�e�v�g�h 
�m�\�_�e�b�q�b�\�Z�_�l �l�j�_�[�h�\�Z�g�b�y �d �\�u�q�b�k�e�b�l�_�e�v�g�u�f 
�j�_�k�m�j�k�Z�f�� �:�j�o�b�l�_�d�l�m�j�Z MobileNetV3-Large �\�d�e�x�q�Z�_�l 
�g�Z�[�h�j �f�h�^�m�e�_�c bneck, �b�k�i�h�e�v�a�m�x�s�b�o �k�\�z�j�l�d�b �b 
�e�b�g�_�c�g�u�_ �Z�d�l�b�\�Z�p�b�b ���j�b�k�m�g�h�d 1). �<�Z�`�g�h�c 
�h�k�h�[�_�g�g�h�k�l�v�x �y�\�e�y�x�l�k�y �k�e�h�b SE (Squeeze-and-
Excitation), �d�h�l�h�j�u�_ �m�e�m�q�r�Z�x�l �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v 
�a�Z �k�q�z�l �f�_�o�Z�g�b�a�f�Z �Z�^�Z�i�l�b�\�g�h�]�h �\�a�\�_�r�b�\�Z�g�b�y �d�Z�g�Z�e�h�\, 
�b �i�j�b�f�_�g�_�g�b�_ �g�_�e�b�g�_�c�g�h�k�l�_�c Hard-Swish (HS). 
�J�Z�a�f�_�j�u �\�o�h�^�g�u�o �b �\�u�o�h�^�g�u�o �k�e�h�z�\�� 
�b�k�i�h�e�v�a�h�\�Z�g�g�u�_ �h�i�_�j�Z�l�h�j�u �b �i�Z�j�Z�f�_�l�j�u �d�Z�`�^�h�]�h 
�[�e�h�d�Z �h�i�l�b�f�b�a�b�j�h�\�Z�g�u �^�e�y �f�b�g�b�f�b�a�Z�p�b�b 
�\�u�q�b�k�e�b�l�_�e�v�g�u�o �a�Z�l�j�Z�l�� �<�u�[�h�j �^�Z�g�g�h�c �Z�j�o�b�l�_�d�l�m�j�u 
�h�[�_�k�i�_�q�b�\�Z�_�l �[�Z�e�Z�g�k �f�_�`�^�m �l�h�q�g�h�k�l�v�x 
�d�e�Z�k�k�b�n�b�d�Z�p�b�b �b �i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�x�� 

 
�J�b�k�m�g�h�d 1 �± �:�j�o�b�l�_�d�l�m�j�Z MobileNetV3-Large 

C�[�h�j���^�Z�g�g�u�o�� �<�\�b�^�m���h�l�k�m�l�k�l�\�b�y���^�h�k�l�m�i�g�u�o��
�k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o�� �^�Z�l�Z�k�_�l�h�\�� �k�� �b�a�h�[�j�Z�`�_�g�b�y�f�b��
�f�h�g�_�l�� �J�h�k�k�b�c�k�d�h�c�� �b�f�i�_�j�b�b���� �^�e�y�� �n�h�j�f�b�j�h�\�Z�g�b�y��
�k�h�[�k�l�\�_�g�g�h�]�h�� �g�Z�[�h�j�Z�� �^�Z�g�g�u�o�� �[�u�e�� �b�k�i�h�e�v�a�h�\�Z�g�� �k�Z�c�l��
Ucoin �²  �h�g�e�Z�c�g-�i�e�Z�l�n�h�j�f�Z���� �]�^�_�� �i�h�e�v�a�h�\�Z�l�_�e�b��
�k�Z�f�h�k�l�h�y�l�_�e�v�g�h�� �a�Z�]�j�m�`�Z�x�l�� �n�h�l�h�]�j�Z�n�b�b�� �f�h�g�_�l���� �q�l�h��
�h�[�_�k�i�_�q�b�\�Z�_�l�� �r�b�j�h�d�h�_�� �j�Z�a�g�h�h�[�j�Z�a�b�_�� �b�o�� �k�h�k�l�h�y�g�b�y��

�k�h�o�j�Z�g�g�h�k�l�b���b���j�Z�d�m�j�k�h�\���k�t�_�f�d�b�����;�e�Z�]�h�^�Z�j�y���i�Z�j�k�b�g�]�m��
�^�Z�g�g�h�]�h�� �j�_�k�m�j�k�Z�� �[�u�e�� �k�h�[�j�Z�g�� �^�Z�l�Z�k�_�l���� �\�d�e�x�q�Z�x�s�b�c��
�b�a�h�[�j�Z�`�_�g�b�y�� �f�h�g�_�l���� �\�u�i�m�k�d�Z�\�r�b�o�k�y�� �k�� ���������� �i�h�� ����������
�]�h�^�u���� �B�l�h�]�h�\�u�c�� �g�Z�[�h�j�� �^�Z�g�g�u�o�� �b�a�g�Z�q�Z�e�v�g�h�� �\�d�e�x�q�Z�e��
�������� �d�e�Z�k�k�h�\���� ������������ �n�h�l�h�]�j�Z�n�b�c���� �L�Z�d�� �d�Z�d�� �\��
�i�h�e�m�q�_�g�g�h�f���g�Z�[�h�j�_���^�Z�g�g�u�o���������������d�e�Z�k�k�h�\���g�_���b�f�_�e�b��
�^�h�k�l�Z�l�h�q�g�h�_�� �d�h�e�b�q�_�k�l�\�h�� �m�g�b�d�Z�e�v�g�u�o�� �b�a�h�[�j�Z�`�_�g�b�c����
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�^�e�y�� �^�Z�e�v�g�_�c�r�_�c�� �j�Z�[�h�l�u�� �[�u�e�h�� �h�k�l�Z�\�e�_�g�h�� �l�h�e�v�d�h�� ������
�d�e�Z�k�k�h�\���������������b�a�h�[�j�Z�`�_�g�b�c�� 

�I�j�_�^�\�Z�j�b�l�_�e�v�g�Z�y�� �h�[�j�Z�[�h�l�d�Z�� �^�Z�g�g�u�o����
�H�[�m�q�Z�x�s�b�_�� �^�Z�g�g�u�_�� �[�u�e�b�� �j�Z�a�[�b�l�u�� �g�Z�� �h�[�m�q�Z�x�s�m�x����
�\�Z�e�b�^�Z�p�b�h�g�g�m�x�� �b�� �l�_�k�l�h�\�m�x�� �\�u�[�h�j�d�b���� �G�Z�� �i�_�j�\�h�c��
�\�u�[�h�j�d�_�� �i�j�h�o�h�^�b�e�h�� �h�[�m�q�_�g�b�_�� �f�h�^�_�e�b���� �g�Z�� �\�l�h�j�h�c���± 
�d�h�j�j�_�d�l�b�j�h�\�Z�e�b�k�v���]�b�i�_�j�i�Z�j�Z�f�_�l�j�u���f�h�^�_�e�b�����L�_�k�l�h�\�Z�y��
�\�u�[�h�j�d�Z�� �g�_�h�[�o�h�^�b�f�Z�� �^�e�y�� �h�p�_�g�d�b�� �j�_�a�m�e�v�l�Z�l�h�\��
�h�[�m�q�_�g�b�y�� �f�h�^�_�e�b���� �h�g�Z�� �^�h�e�`�g�Z�� �h�l�j�Z�`�Z�l�v��
�w�n�n�_�d�l�b�\�g�h�k�l�v�� �h�[�j�Z�[�h�l�d�b�� �j�_�Z�e�v�g�u�o�� �^�Z�g�g�u�o��
�j�Z�a�j�Z�[�Z�l�u�\�Z�_�f�h�c�� �k�b�k�l�_�f�h�c���� �<�� �g�Z�r�_�c�� �j�Z�[�h�l�_�� �^�Z�l�Z�k�_�l��
�[�u�e�� �j�Z�a�[�b�l�� �g�Z�� �w�l�b�� �\�u�[�h�j�d�b�� �\�� �h�l�g�h�r�_�g�b�b�� ��������������������
�I�j�b���[�Z�e�Z�g�k�b�j�h�\�d�_���^�Z�g�g�u�o���d�Z�`�^�u�c���d�e�Z�k�k���[�u�e���m�j�_�a�Z�g��
�l�Z�d�b�f�� �h�[�j�Z�a�h�f���� �q�l�h�� �d�h�e�b�q�_�k�l�\�h�� �b�a�h�[�j�Z�`�_�g�b�c�� �g�_��
�i�j�_�\�u�r�Z�e�h�� ������ �^�e�y�� �h�[�m�q�Z�x�s�_�c�� �\�u�[�h�j�d�b�� �b�� ������ �^�e�y��
�\�Z�e�b�^�Z�p�b�h�g�g�h�c���� �>�e�y�� �]�_�g�_�j�Z�e�b�a�Z�p�b�b�� �^�Z�g�g�u�o�� �[�u�e�b��
�b�k�i�h�e�v�a�h�\�Z�g�u�� �f�_�l�h�^�u�� �Z�m�]�f�_�g�l�Z�p�b�b���� �l�Z�d�b�_�� �d�Z�d��

�i�h�\�h�j�h�l�u���� �f�Z�k�r�l�Z�[�b�j�h�\�Z�g�b�_�� �b�� �b�a�f�_�g�_�g�b�_�� �y�j�d�h�k�l�b��
�b�a�h�[�j�Z�`�_�g�b�c���� �q�l�h�� �i�h�a�\�h�e�b�e�h�� �m�e�m�q�r�b�l�v�� �h�[�s�m�x��
�i�j�h�b�a�\�h�^�b�l�_�e�v�g�h�k�l�v�� �f�h�^�_�e�b�� �b�� �_�z�� �m�k�l�h�c�q�b�\�h�k�l�v�� �d��
�j�Z�a�e�b�q�g�u�f���m�k�e�h�\�b�y�f�����L�Z�d�`�_���b�a�h�[�j�Z�`�_�g�b�y���i�j�b�\�_�^�_�g�u��
�d�� �q�z�j�g�h-�[�_�e�h�f�m�� �n�h�j�f�Z�l�m���� �q�l�h�[�u�� �b�k�d�e�x�q�b�l�v�� �p�\�_�l�Z��
�f�h�g�_�l�� �\�� �d�Z�q�_�k�l�\�_�� �b�a�\�e�_�d�Z�_�f�h�]�h�� �i�j�b�a�g�Z�d�Z�� �\�� �o�h�^�_��
�h�[�m�q�_�g�b�y�� 

�I�h�k�d�h�e�v�d�m��MobileNet �i�h�^�j�Z�a�m�f�_�\�Z�_�l�����q�l�h���g�Z��
�\�o�h�^�� �i�h�^�Z�_�l�k�y�� �l�h�e�v�d�h�� �h�^�g�h�� �b�a�h�[�j�Z�`�_�g�b�_���� �Z�� �i�j�b��
�d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �f�h�g�_�l�u���\�Z�`�g�h�� �m�q�b�l�u�\�Z�l�v�� �h�[�_�� �_�z��
�k�l�h�j�h�g�u���� �b�a�h�[�j�Z�`�_�g�b�y�� �j�_�\�_�j�k�Z�� �b�� �Z�\�_�j�k�Z�� �d�Z�`�^�h�c��
�f�h�g�_�l�u�� �Z�m�]�f�_�l�b�j�h�\�Z�e�b�k�v�� �h�l�^�_�e�v�g�h���� �Z�� �a�Z�l�_�f��
�d�h�g�d�Z�l�_�g�b�j�h�\�Z�e�b�k�v���\���n�h�j�f�Z�l�_���Z�\�_�j�k-�j�_�\�_�j�k���b���j�_�\�_�j�k-
�Z�\�_�j�k���� �L�Z�d�b�f�� �h�[�j�Z�a�h�f���� �b�a�� �^�\�m�o�� �n�h�l�h�]�j�Z�n�b�c�� �k�l�h�j�h�g��
�f�h�g�_�l�u���f�u���i�h�e�m�q�Z�e�b���^�\�_���n�h�l�h�]�j�Z�n�b�b���h�^�g�h�c���f�h�g�_�l�u��
���j�b�k�m�g�h�d�������� 

 
�J�b�k�m�g�h�d 2 �± �I�j�b�f�_�j �\�o�h�^�g�u�o �^�Z�g�g�u�o 

�:�^�Z�i�l�Z�p�b�y �Z�j�o�b�l�_�d�l�m�j�u�� �B�a�f�_�g�_�g�Z 
�i�h�k�e�_�^�g�y�y �d�e�Z�k�k�b�n�b�d�Z�p�b�h�g�g�Z�y �q�Z�k�l�v �k�_�l�b ���j�b�k�m�g�h�d 
3). �>�h�[�Z�\�e�_�g�Z �[�Z�l�q-�g�h�j�f�Z�e�b�a�Z�p�b�y �i�_�j�_�^ �n�b�g�Z�e�v�g�u�f 
�k�e�h�_�f �^�e�y �m�k�d�h�j�_�g�b�y �k�o�h�^�b�f�h�k�l�b �f�h�^�_�e�b �b 
�m�e�m�q�r�_�g�b�y �k�l�Z�[�b�e�v�g�h�k�l�b �]�j�Z�^�b�_�g�l�h�\�� �H�g�Z 
�g�h�j�f�Z�e�b�a�m�_�l �Z�d�l�b�\�Z�p�b�b �\�g�m�l�j�b �[�Z�l�q�Z�� �q�l�h �i�h�f�h�]�Z�_�l 
�i�j�b �h�[�m�q�_�g�b�b �]�e�m�[�h�d�b�o �k�_�l�_�c�� �h�k�h�[�_�g�g�h �i�j�b �j�Z�[�h�l�_ �k 
�[�h�e�v�r�b�f �d�h�e�b�q�_�k�l�\�h�f �d�e�Z�k�k�h�\�� �N�b�g�Z�e�v�g�u�c 
�i�h�e�g�h�k�\�y�a�g�u�c �k�e�h�c �[�u�e �g�Z�k�l�j�h�_�g �i�h� ̂ �d�h�e�b�q�_�k�l�\�h 
�d�e�Z�k�k�h�\�� �g�Z�o�h�^�y�s�b�o�k�y �\ �g�Z�r�_�c �\�u�[�h�j�d�_�� �W�l�h 

�i�h�a�\�h�e�b�e�h �f�h�^�_�e�b �j�Z�[�h�l�Z�l�v �k �d�h�g�d�j�_�l�g�u�f �g�Z�[�h�j�h�f 
�d�e�Z�k�k�h�\�� �q�l�h �\�Z�`�g�h �^�e�y �m�a�d�h�c �a�Z�^�Z�q�b �j�Z�k�i�h�a�g�Z�\�Z�g�b�y�� 
�>�e�y �i�j�_�^�h�l�\�j�Z�s�_�g�b�y �i�_�j�_�h�[�m�q�_�g�b�y �[�u�e �\�g�_�^�j�_�g 
Dropout �k�e�h�c�� �W�l�h�l �f �_�l�h�^ �m�e�m�q�r�Z�_�l �k�i�h�k�h�[�g�h�k�l�v 
�f�h�^�_�e�b �d �h�[�h�[�s�_�g�b�x �^�Z�g�g�u�o�� �^�h�[�Z�\�e�y�y �k�e�m�q�Z�c�g�u�_ 
�h�l�d�e�x�q�_�g�b�y �g�_�c�j�h�g�h�\ �\�h �\�j�_�f�y �h�[�m�q�_�g�b�y �b �m�f�_�g�v�r�Z�y 
�a�Z�\�b�k�b�f�h�k�l�v �h�l �h�i�j�_�^�_�e�_�g�g�u�o �i�j�b�a�g�Z�d�h�\�� �I�j�b�f�_�g�_�g�Z 
�n�m�g�d�p�b�y �Z�d�l�b�\�Z�p�b�b Softmax �^�e�y �i�h�e�m�q�_�g�b�y 
�\�_�j�h�y�l�g�h�k�l�g�u�o �j�Z�k�i�j�_�^�_�e�_�g�b�c�� �q�l�h �i�h�a�\�h�e�b�e�h 
�b�g�l�_�j�i�j�_�l�b�j�h�\�Z�l�v �j�_�a�m�e�v�l�Z�l�u �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� 

 
�J�b�k�m�g�h�d 3 �± �I�h�k�e�_�^�g�b�c �k�e�h�c �f�h�^�_�e�b 
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�H�[�m�q�_�g�b�_ �f�h�^�_�e�b�� �>�e�y �h�[�m�q�_�g�b�y �f�h�^�_�e�b 
�\�u�[�j�Z�g�Z �n�m�g�d�p�b�y �i�h�l�_�j�v Cross-Entropy Loss, 
�d�h�l�h�j�Z�y �b�k�i�h�e�v�a�m�_�l�k�y �^�e�y �a�Z�^�Z�q �f�g�h�]�h�d�e�Z�k�k�h�\�h�c 
�d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �W�l�Z �n�m�g�d�p�b�y �b�a�f�_�j�y�_�l �j�Z�a�g�b�p�m 
�f�_�`�^�m �i�j�_�^�k�d�Z�a�Z�g�g�u�f �j�Z�k�i�j�_�^�_�e�_�g�b�_�f �d�e�Z�k�k�h�\ 
�i�h�k�e�_ Softmax �b �j�_�Z�e�v�g�u�f�b �f�_�l�d�Z�f�b �d�e�Z�k�k�h�\�� Cross-
Entropy �i�h�f�h�]�Z�_�l �f�h�^�_�e�b �f�b�g�b�f�b�a�b�j�h�\�Z�l�v �h�r�b�[�d�b 
�i�j�_�^�k�d�Z�a�Z�g�b�c�� �d�h�j�j�_�d�l�b�j�m�y �\�_�k�Z �l�Z�d�b�f �h�[�j�Z�a�h�f�� 
�q�l�h�[�u �f�Z�d�k�b�f�b�a�b�j�h�\�Z�l�v �\�_�j�h�y�l�g�h�k�l�v �i�j�Z�\�b�e�v�g�h�]�h 
�d�e�Z�k�k�Z�� �< �d�Z�q�_�k�l�\�_ �Z�e�]�h�j�b�l�f�Z �h�i�l�b�f�b�a�Z�p�b�b �[�u�e 
�\�u�[�j�Z�g Adam (Adaptive Moment Estimation), �l�Z�d �d�Z�d 
�h�g �k�h�q�_�l�Z�_�l �i�j�_�b�f�m�s�_�k�l�\�Z �f�_�l�h�^�h�\ �k �n�b�d�k�b�j�h�\�Z�g�g�u�f 
�r�Z�]�h�f �]�j�Z�^�b�_�g�l�Z ���g�Z�i�j�b�f�_�j�� SGD) �b �Z�^�Z�i�l�b�\�g�u�o 
�f �_�l�h�^�h�\�� �l�Z�d�b�o �d�Z�d RMSProp. Adam �m�q�b�l�u�\�Z�_�l 
�b�f�i�m�e�v�k �]�j�Z�^�b�_�g�l�h�\ �b �k�j�_�^�g�b�_ �d�\�Z�^�j�Z�l�b�q�g�u�_ 
�]�j�Z�^�b�_�g�l�u�� �q�l�h �m�k�d�h�j�y�_�l �k�o�h�^�b�f�h�k�l�v �b �i�h�a�\�h�e�y�_�l 
�f�h�^�_�e�y�f �Z�^�Z�i�l�b�j�h�\�Z�l�v�k�y �d �k�e�h�`�g�u�f �n�m�g�d�p�b�y�f 
�i�h�l�_�j�v�� �I�Z�j�Z�f�_�l�j�u Adam, �l�Z�d�b�_ �d�Z�d �k�d�h�j�h�k�l�b 
�h�[�m�q�_�g�b�y �b �b�f�i�m�e�v�k�� �[�u�e�b �g�Z�k�l�j�h�_�g�u �^�e�y 
�k�l�Z�[�b�e�v�g�h�]�h �b �[�u�k�l�j�h�]�h �h�[�m�q�_�g�b�y�� �>�e�y 
�^�b�g�Z�f�b�q�_�k�d�h�c �g�Z�k�l�j�h�c�d�b �k�d�h�j�h�k�l�b �h�[�m�q�_�g�b�y 
�b�k�i�h�e�v�a�h�\�Z�e�k�y CosineAnnealingLR. �W�l�h�l 

�i�e�Z�g�b�j�h�\�s�b�d �m�f�_�g�v�r�Z�_�l �k�d�h�j�h�k�l�v �h�[�m�q�_�g�b�y �i�h 
�d�h�k�b�g�m�k�h�b�^�Z�e�v�g�h�c �d�j�b�\�h�c�� �g�Z�q�b�g�Z�y �k �f�Z�d�k�b�f�Z�e�v�g�h�c 
�k�d�h�j�h�k�l�b �b �i�h�k�l�_�i�_�g�g�h �m�f�_�g�v�r�Z�y �_�z�� �L�Z�d�h�c �i�h�^�o�h�^ 
�i�h�a�\�h�e�y�_�l �i�e�Z�\�g�h �k�g�b�`�Z�l�v �l�_�f�i �h�[�m�q�_�g�b�y�� �q�l�h 
�k�g�b�`�Z�_�l �j�b�k�d �i�_�j�_�h�[�m�q�_�g�b�y �b �i�h�f�h�]�Z�_�l �f�h�^�_�e�b 
�h�k�l�Z�\�Z�l�v�k�y �\ �k�h�k�l�h�y�g�b�b �Z�d�l�b�\�g�h�]�h �h�[�m�q�_�g�b�y �g�Z 
�i�h�a�^�g�b�o �w�l�Z�i�Z�o�� 

�H�[�m�q�_�g�b�_ �i�j�h�o�h�^�b�e�h �g�Z GPU (Nvidia GTX 
1660). �F�h�^�_�e�v �k�h�r�e�Z�k�v �g�Z 153 �w�i�h�o�_ �i�h�k�e�_ 8 �q�Z�k�h�\ 10 
�f�b�g�m�l �k �g�Z�q�Z�e�Z �h�[�m�q�_�g�b�y�� �A�g�Z�q�_�g�b�y �n�m�g�d�p�b�b �i�h�l�_�j�v 
�b �l�h�q�g�h�k�l�b �g�Z �h�[�m�q�Z�x�s�_�c �\�u�[�h�j�d�_ �k�h�k�l�Z�\�b�e�h 3,9 �b 
0,49 �k�h�h�l�\�_�l�k�l�\�_�g�g�h�� �Z �g�Z �\�Z�e�b�^�Z�p�b�h�g�g�h�c �± 3,59 �b 
0,8445. �D�Z�d �\�b�^�g�h �g�Z �]�j�Z�n�b�d�_ ���j�b�k�m�g�h�d 4), �g�Z 
�\�Z�e�b�^�Z�p�b�h�g�g�h�c �\�u�[�h�j�d�_ ���a�_�e�_�g�u�c �]�j�Z�n�b�d�� �a�g�Z�q�_�g�b�_ 
�i�h�l�_�j�v �k�l�Z�[�b�e�v�g�h �m�f�_�g�v�r�Z�_�l�k�y�� �Z �a�g�Z�q�_�g�b�_ �l�h�q�g�h�k�l�b 
�\�h�a�j�Z�k�l�Z�_�l�� �h�^�g�Z�d�h �g�Z �h�[�m�q�Z�x�s�_�c ���d�j�Z�k�g�u�c �]�j�Z�n�b�d�� 
�w�l�h�]�h �g�_ �i�j�h�b�k�o�h�^�b�l�� �L�Z�d�h�_ �i�h�\�_�^�_�g�b�_ �f�h�^�_�e�b 
�h�[�m�k�e�h�\�e�_�g�h �\�u�k�h�d�b�f �a�g�Z�q�_�g�b�_�f �\�_�j�h�y�l�g�h�k�l�b 
�a�Z�g�m�e�_�g�b�y �g�_�c�j�h�g�h�\ �\ Dropout �k�e�h�_�� �<�u�k�l�Z�\�b�\ 
�a�g�Z�q�_�g�b�_ 0,5, �m�^�Z�e�h�k�v �^�h�[�b�l�v�k�y �l�h�]�h�� �q�l�h �g�Z�r�Z �f�h�^�_�e�v 
�g�_ �k�l�Z�e�Z �i�_�j�_�h�[�m�q�Z�l�v�k�y�� 

 
�J�b�k�m�g�h�d 4 �± �=�j�Z�n�b�d�b �n�m�g�d�p�b�b �i�h�l�_�j�v ���k�e�_�\�Z�� �b �l�h�q�g�h�k�l�b ���k�i�j�Z�\�Z�� 

�:�g�Z�e�b�a �j�_�a�m�e�v�l�Z�l�h�\ �h�[�m�q�_�g�b�y�� �I�h�k�e�_ 
�a�Z�\�_�j�r�_�g�b�y �h�[�m�q�_�g�b�y �[�u�e�b �k�h�o�j�Z�g�_�g�u �\�_�k�Z �f�h�^�_�e�b 
123-�_�c �w�i�h�o�b�� �l�Z�d �d�Z�d �g�Z �g�_�c �[�u�e�b �^�h�k�l�b�]�g�m�l�u 
�e�m�q�r�b�_ �i�h�d�Z�a�Z�l�_�e�b �l�h�q�g�h�k�l�b �b �n�m�g�d�p�b�b �i�h�l�_�j�v�� 

�I�h�k�e�_ �h�p�_�g�d�b �f�h�^�_�e�b �g�Z �l�_�k�l�h�\�h�c �\�u�[�h�j�d�_ �i�h�e�m�q�_�g�u 
�j�_�a�m�e�v�l�Z�l�u�� �m�d�Z�a�Z�g�g�u�_ �\ �l�Z�[�e�b�p�_ 1. �F�h�`�g�h �k�^�_�e�Z�l�v 
�\�u�\�h�^�� �q�l�h �l�h�q�g�h�k�l�v �f�h�^�_�e�b �g�Z �l�_�k�l�h�\�u�o �^�Z�g�g�u�o 
�i�j�b�[�e�b�a�b�l�_�e�v�g�h �j�Z�\�g�Z 0,9. 

�L �Z �[ �e �b �p �Z 1  �± �J�_�a�m�e�v�l�Z�l�u �h�p�_�g�d�b �d�Z�q�_�k�l�\�Z �f�h�^�_�e�b �g�Z �l�_�k�l�h�\�h�c �\�u�[�h�j�d�_ 
�F�_�l�j�b�d�b �A�g�Z�q�_�g�b�y 
Accuracy 0,9049 
Precision 0,9018 
Recall 0,8939 
F1_score 0,8908 

 
�J�_�a�m�e�v�l�Z�l�u �h�[�m�q�_�g�b�y �i�h�d�Z�a�Z�e�b�� �q�l�h �f�h�^�_�e�v 

�k�i�h�k�h�[�g�Z �d�e�Z�k�k�b�n�b�p�b�j�h�\�Z�l�v �f�h�g�_�l�u �J�h�k�k�b�c�k�d�h�c 
�b�f�i�_�j�b�b �k �\�u�k�h�d�b�f�b �i�h�d�Z�a�Z�l�_�e�y�f�b �l�h�q�g�h�k�l�b�� 
�H�^�g�Z�d�h�� �^�e�y �^�h�k�l�b�`�_�g�b�y �[�h�e�_�_ �w�n�n�_�d�l�b�\�g�u�o 
�j�_�a�m�e�v�l�Z�l�h�\ �l�j�_�[�m�_�l�k�y �^�Z�e�v�g�_�c�r�Z�y �j�Z�[�h�l�Z�� �\�d�e�x�q�Z�y 
�k�h�a�^�Z�g�b�_ �[�h�e�_�_ �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�]�h 
�k�_�]�f�_�g�l�b�j�h�\�Z�g�g�h�]�h �^�Z�l�Z�k�_�l�Z �i�h �h�[�j�Z�a�p�m RRCD [2, 5]. 

�A�Z�d�e�x�q�_�g�b�_�� �< �i�j�h�p�_�k�k�_ �b�k�k�e�_�^�h�\�Z�g�b�y 
�m�^�Z�e�h�k�v �Z�^�Z�i�l�b�j�h�\�Z�l�v �b �h�[�m�q�b�l�v �k�\�_�j�l�h�q�g�m�x 
�g�_�c�j�h�g�g�m�x �k�_�l�v �Z�j�o�b�l�_�d�l�m�j�u MobileNetV3-Large �^�e�y 
�a�Z�^�Z�q�b �d�e�Z�k�k�b�n�b�d�Z�p�b�b �f�h�g�_�l �i�_�j�b�h�^�Z �J�h�k�k�b�c�k�d�h�c 
�b�f�i�_�j�b�b�� �q�l�h �i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�e�h �\�h�a�f�h�`�g�h�k�l�b 
�k�h�\�j�_�f�_�g�g�h�c �Z�j�o�b�l�_�d�l�m�j�u CNN �\ �j�_�r�_�g�b�b �a�Z�^�Z�q 
�g�m�f�b�a�f�Z�l�b�d�b�� �L�Z�d�b�f �h�[�j�Z�a�h�f�� �j�Z�a�j�Z�[�h�l�d�Z �i�h�^�h�[�g�u�o 
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�k�b�k�l�_�f �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c �a�g�Z�q�b�l�_�e�v�g�u�c �r�Z�] �\�i�_�j�_�^ 
�\ �h�[�e�Z�k�l�b �Z�\�l�h�f�Z�l�b�q�_�k�d�h�]�h �j�Z�k�i�h�a�g�Z�\�Z�g�b�y �f�h�g�_�l�� 
�i�j�_�^�e�Z�]�Z�y �g�h�\�u�_ �\�h�a�f�h�`�g�h�k�l�b �^�e�y �g�m�f�b�a�f�Z�l�h�\ �b 
�b�k�k�e�_�^�h�\�Z�l�_�e�_�c �b�k�l�h�j�b�b�� �K�h�\�j�_�f�_�g�g�u�_ �l�_�o�g�h�e�h�]�b�b 

�B�B �f�h�]�m�l �[�u�l�v �m�k�i�_�r�g�h �Z�^�Z�i�l�b�j�h�\�Z�g�u �^�e�y �j�_�r�_�g�b�y 
�k�i�_�p�b�n�b�q�_�k�d�b�o �a�Z�^�Z�q �\ �h�[�e�Z�k�l�b �g�m�f�b�a�f�Z�l�b�d�b�� 
�h�l�d�j�u�\�Z�y �g�h�\�u�_ �i�_�j�k�i�_�d�l�b�\�u �^�e�y �^�Z�e�v�g�_�c�r�b�o 
�b�k�k�e�_�^�h�\�Z�g�b�c �b �i�j�Z�d�l�b�q�_�k�d�h�]�h �i�j�b�f�_�g�_�g�b�y�� 

 
�K�i�b�k�h�d �b�k�i�h�e�v�a�m�_�f�h�c �e�b�l�_�j�Z�l�m�j�u 

 
1 �Q�_�j�g�b�d�h�\�� �:�� �>�� �=�e�m�[�h�d�h�_ �h�[�m�q�_�g�b�_ �b 

�k�\�z�j�l�h�q�g�u�_ �g�_�c�j�h�g�g�u�_ �k�_�l�b �\ �d�h�f�i�v�x�l�_�j�g�h�f �a�j�_�g�b�b�� 
�J�h�e�v �]�e�m�[�h�d�h�]�h �h�[�m�q�_�g�b�y �b �k�\�z�j�l�h�q�g�u�o �g�_�c�j�h�g�g�u�o 
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�<�� �k�l�Z�l�v�_�� �i�j�b�\�h�^�b�l�k�y�� �h�[�a�h�j���f�_�l�h�^�h�\�� �h�i�j�_�^�_�e�_�g�b�y�� �l�_�f�Z�l�b�d�b�� �k�h�h�[�s�_�k�l�\�� �\��

�k�h�p�b�Z�e�v�g�u�o�� �k�_�l�y�o���� �I�h�d�Z�a�Z�g�u�� �i�j�_�b�f�m�s�_�k�l�\�Z�� �b�� �g�_�^�h�k�l�Z�l�d�b�� �b�k�i�h�e�v�a�m�_�f�u�o�� �f�_�l�h�^�h�\���� �Z��
�l�Z�d�`�_���\�h�a�f�h�`�g�h�k�l�v���b�k�i�h�e�v�a�h�\�Z�g�b�y���d�h�f�[�b�g�b�g�Z�p�b�b���f�_�l�h�^�h�\�� �^�e�y���i�h�e�m�q�_�g�b�y���[�h�e�_�_���l�h�q�g�u�o��
�j�_�a�m�e�v�l�Z�l�h�\���i�h���k�j�Z�\�g�_�g�b�x���k���h�^�g�b�f���d�h�g�d�j�_�l�g�u�f���f�_�l�h�^�h�f�� 

 
�D�e�x�q�_�\�u�_ �k�e�h�\�Z: �k�h�p�b�Z�e�v�g�u�_ �k�_�l�b, �f�Z�r�b�g�g�h�_ �h�[�m�q�_�g�b�_�� �q�Z�k�l�h�l�g�u�_ �f�_�l�h�^�u�� 

�l�_�f�Z�l�b�q�_�k�d�h�_ �f�h�^�_�e�b�j�h�\�Z�g�b�_ 
 
�K�h�p�b�Z�e�v�g�u�_ �k�_�l�b �y�\�e�y�x�l�k�y �\�Z�`�g�h�c �q�Z�k�l�v�x 

�b�g�n�h�j�f�Z�p�b�h�g�g�h�]�h �i�j�h�k�l�j�Z�g�k�l�\�Z �b �h�d�Z�a�u�\�Z�x�l 
�a�g�Z�q�b�l�_�e�v�g�h�_ �\�e�b�y�g�b�_ �g�Z �j�Z�a�e�b�q�g�u�_ �k�n�_�j�u �`�b�a�g�b - 
�h�l �[�b�a�g�_�k�Z �b �i�h�e�b�l�b�d�b �^�h �d�m�e�v�l�m�j�u �b �i�h�\�k�_�^�g�_�\�g�h�]�h 
�h�[�s�_�g�b�y [1]. �K�h�h�[�s�_�k�l�\�Z �\ �k�h�p�b�Z�e�v�g�u�o �k�_�l�y�o�� 
�n�h�j�f�b�j�m�_�f�u�_ �g�Z �h�k�g�h�\�_ �h�[�s�b�o �b�g�l�_�j�_�k�h�\�� �b�]�j�Z�x�l 
�d�e�x�q�_�\�m�x �j�h�e�v �\ �j�Z�k�i�j�h�k�l�j�Z�g�_�g�b�b �b�g�n�h�j�f�Z�p�b�b�� 
�n�h�j�f�b�j�h�\�Z�g�b�b �h�[�s�_�k�l�\�_�g�g�h�]�h �f�g�_�g�b�y �b �k�h�^�_�c�k�l�\�b�b 
�h�[�f�_�g�m �a�g�Z�g�b�y�f�b�� �H�^�g�Z�d�h �h�]�j�h�f�g�u�c �h�[�t�z�f 
�b�g�n�h�j�f�Z�p�b�b�� �]�_�g�_�j�b�j�m�_�f�h�c �i�h�e�v�a�h�\�Z�l�_�e�y�f�b�� �k�h�a�^�Z�_�l 
�k�e�h�`�g�h�k�l�b �^�e�y �_�z �k�b�k�l�_�f�Z�l�b�a�Z�p�b�b �b �Z�g�Z�e�b�a�Z [2], �q�l�h 
�l�j�_�[�m�_�l �i�j�b�f�_�g�_�g�b�y �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�u�o �l�_�o�g�h�e�h�]�b�c �b 
�f�_�l�h�^�h�\ �Z�g�Z�e�b�a�Z �^�Z�g�g�u�o [3]. 

�G�Z �k�_�]�h�^�g�y�r�g�b�c �^�_�g�v �h�^�g�b�f �b�a �Z�d�l�m�Z�e�v�g�u�o 
�g�Z�i�j�Z�\�e�_�g�b�c �\ �Z�g�Z�e�b�a�_ �k�h�p�b�Z�e�v�g�u�o �k�_�l�_�c �y�\�e�y�_�l�k�y 
�Z�\�l�h�f�Z�l�b�q�_�k�d�h�_ �h�i�j�_�^�_�e�_�g�b�_ �l�_�f�Z�l�b�d�b �k�h�h�[�s�_�k�l�\�� 
�K�i�h�k�h�[�g�h�k�l�v �[�u�k�l�j�h �b �l�h�q�g�h �h�i�j�_�^�_�e�y�l�v�� �g�Z �d�Z�d�m�x 
�l�_�f�m �h�j�b�_�g�l�b�j�h�\�Z�g�h �l�h �b�e�b �b�g�h�_ �k�h�h�[�s�_�k�l�\�h�� 
�i�h�a�\�h�e�y�_�l �j�_�r�Z�l�v �f�g�h�`�_�k�l�\�h �i�j�Z�d�l�b�q�_�k�d�b�o �a�Z�^�Z�q�� 

�G�Z�i�j�b�f�_�j�� �d�h�f�i�Z�g�b�b �f�h�]�m�l �e�m�q�r�_ �i�h�g�b�f�Z�l�v 
�p�_�e�_�\�u�_ �Z�m�^�b�l�h�j�b�b�� �i�h�e�b�l�b�d�b �± �b�k�k�e�_�^�h�\�Z�l�v 
�h�[�s�_�k�l�\�_�g�g�h�_ �f�g�_�g�b�_�� �Z �b�k�k�e�_�^�h�\�Z�l�_�e�b �± 
�Z�g�Z�e�b�a�b�j�h�\�Z�l�v �b�g�n�h�j�f�Z�p�b�h�g�g�u�_ �l�j�_�g�^�u �b �\�u�y�\�e�y�l�v 
�i�h�^�^�_�e�v�g�u�_ �g�h�\�h�k�l�b�� �L�_�f �g�_ �f�_�g�_�_�� �Z�\�l�h�f�Z�l�b�q�_�k�d�h�_ 
�h�i�j�_�^�_�e�_�g�b�_ �l�_�f�Z�l�b�d�b �k�h�h�[�s�_�k�l�\ �\ �k�h�p�b�Z�e�v�g�u�o �k�_�l�y�o 
�h�k�l�Z�_�l�k�y �k�e�h�`�g�h�c �a�Z�^�Z�q�_�c �b�a-�a�Z �k�i�_�p�b�n�b�d�b 
�i�h�e�v�a�h�\�Z�l�_�e�v�k�d�h�]�h �d�h�g�l�_�g�l�Z�� �d�h�l�h�j�u�c �f�h�`�_�l 
�k�h�^�_�j�`�Z�l�v �g�_�n�h�j�f�Z�e�v�g�u�c �y�a�u�d�� �Z�[�[�j�_�\�b�Z�l�m�j�u �b 
�j�Z�a�g�h�h�[�j�Z�a�g�u�_ �k�l�b�e�b �g�Z�i�b�k�Z�g�b�y�� 

�Q�Z�k�l�h�l�g�u�_ �f�_�l�h�^�u �h�i�j�_�^�_�e�_�g�b�y �l�_�f�Z�l�b�d�b 
�k�h�h�[�s�_�k�l�\ �F�_�l�h�^�u �Z�g�Z�e�b�a�Z �g�Z �h�k�g�h�\�_ �d�e�x�q�_�\�u�o 
�k�e�h�\ �b �q�Z�k�l�h�l�g�h�k�l�b �b�o �i�h�y�\�e�_�g�b�y �\ �l�_�d�k�l�_ 
�i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �h�^�b�g �b�a �[�Z�a�h�\�u�o �i�h�^�o�h�^�h�\ �d 
�d�e�Z�k�k�b�n�b�d�Z�p�b�b �b �h�i�j�_�^�_�e�_�g�b�x �l�_�f�Z�l�b�d�b [4]. �K�m�l�v 
�i�h�^�o�h�^�Z �a�Z�d�e�x�q�Z�_�l�k�y �\ �\�u�y�\�e�_�g�b�b �g�Z�b�[�h�e�_�_ �q�Z�k�l�h 

�m�i�h�l�j�_�[�e�y�_�f�u�o �k�e�h�\ �b�e�b �n�j�Z�a�� �d�h�l�h�j�u�_ �f�h�`�g�h 
�j�Z�k�k�f�Z�l�j�b�\�Z�l�v �d�Z�d �b�g�^�b�d�Z�l�h�j�u �h�i�j�_�^�_�e�z�g�g�h�c 
�l�_�f�Z�l�b�d�b�� �Q�Z�k�l�h�l�g�u�c �Z�g�Z�e�b�a �i�h�a�\�h�e�y�_�l �i�h�e�m�q�b�l�v 
�h�[�s�_�_ �i�j�_�^�k�l�Z�\�e�_�g�b�_ �h �k�h�^�_�j�`�Z�g�b�b �l�_�d�k�l�h�\ [5], �Z 
�l�Z�d�`�_ �\�u�^�_�e�b�l�v �d�e�x�q�_�\�u�_ �k�e�h�\�Z�� �i�h �d�h�l�h�j�u�f �f�h�`�g�h 
�b�^�_�g�l�b�n�b�p�b�j�h�\�Z�l�v �l�_�f�Z�l�b�d�m [6]. 

�W�l�h�l �f�_�l�h�^ �b�f�_�_�l �k�\�h�b �h�]�j�Z�g�b�q�_�g�b�y�� �h�g �g�_ 
�m�q�b�l�u�\�Z�_�l �d�h�g�l�_�d�k�l�� �\ �d�h�l�h�j�h�f �m�i�h�l�j�_�[�e�y�x�l�k�y �k�e�h�\�Z�� 
�b �f�h�`�_�l �[�u�l�v �g�_�w�n�n�_�d�l�b�\�_�g �^�e�y �h�i�j�_�^�_�e�_�g�b�y 
�k�e�h�`�g�u�o �l�_�f�Z�l�b�q�_�k�d�b�o �k�l�j�m�d�l�m�j�� 

�F�_�l�h�^ TF-IDF ���q�Z�k�l�h�l�Z �l�_�j�f�b�g�Z �± �h�[�j�Z�l�g�Z�y 
�q�Z�k�l�h�l�Z �^�h�d�m�f�_�g�l�Z�� �m�e�m�q�r�Z�_�l �i�j�h�k�l�u�_ �q�Z�k�l�h�l�g�u�_ 
�f�h�^�_�e�b�� �\�\�h�^�y �\�_�k�h�\�u�_ �d�h�w�n�n�b�p�b�_�g�l�u �^�e�y �d�Z�`�^�h�]�h 
�k�e�h�\�Z �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �q�Z�k�l�h�l�u �_�]�h �b�k�i�h�e�v�a�h�\�Z�g�b�y �\ 
�h�l�^�_�e�v�g�h�f �^�h�d�m�f�_�g�l�_ �b �\ �d�h�j�i�m�k�_ �^�h�d�m�f�_�g�l�h�\�� 

TF-IDF �k�g�b�`�Z�_�l �\�_�k �q�Z�k�l�h �\�k�l�j�_�q�Z�x�s�b�o�k�y 
�k�e�h�\ �b �i�h�\�u�r�Z�_�l �\�_�k �l�_�o�� �d�h�l�h�j�u�_ �y�\�e�y�x�l�k�y 
�m�g�b�d�Z�e�v�g�u�f�b �^�e�y �^�Z�g�g�h�]�h �^�h�d�m�f�_�g�l�Z�� �q�l�h �i�h�f�h�]�Z�_�l 
�e�m�q�r�_ �m�q�b�l�u�\�Z�l�v �k�i�_�p�b�n�b�d�m �l�_�d�k�l�Z �b �j�Z�a�e�b�q�Z�l�v 
�l�_�f�Z�l�b�d�b�� �F�_�l�h�^ �b�k�i�h�e�v�a�m�_�l�k�y �^�e�y �\�u�^�_�e�_�g�b�y 
�g�Z�b�[�h�e�_�_ �b�g�n�h�j�f�Z�l�b�\�g�u�o �k�e�h�\ �b �q�Z�k�l�h �i�j�b�f�_�g�y�_�l�k�y 
�\ �k�h�q�_�l�Z�g�b�b �k �f�_�l�h�^�Z�f�b �f�Z�r�b�g�g�h�]�h �h�[�m�q�_�g�b�y�� 

�F�h�^�_�e�b �f�Z�r�b�g�g�h�]�h �h�[�m�q�_�g�b�y �^�e�y 
�h�i�j�_�^�_�e�_�g�b�y �l�_�f�Z�l�b�d�b �k�h�h�[�s�_�k�l�\�� �F�h�^�_�e�b 
�f�Z�r�b�g�g�h�]�h �h�[�m�q�_�g�b�y ���F�H�� �b�]�j�Z�x�l �d�e�x�q�_�\�m�x �j�h�e�v �\ 
�a�Z�^�Z�q�_ �h�i�j�_�^�_�e�_�g�b�y �l�_�f�Z�l�b�d�b �k�h�h�[�s�_�k�l�\ �\ 
�k�h�p�b�Z�e�v�g�u�o �k�_�l�y�o�� �H�g�b �i�h�a�\�h�e�y�x�l �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�l�v 
�i�j�h�p�_�k�k �Z�g�Z�e�b�a�Z �l�_�d�k�l�h�\�� �d�e�Z�k�k�b�n�b�p�b�j�m�y �b�o �i�h �l�_�f�Z�f 
�g�Z �h�k�g�h�\�_ �k�e�h�`�g�u�o �i�Z�l�l�_�j�g�h�\ �b �\�a�Z�b�f�h�k�\�y�a�_�c �\ 
�^�Z�g�g�u�o�� �< �^�Z�g�g�h�f �j�Z�a�^�_�e�_ �j�Z�k�k�f�h�l�j�_�g�u �h�k�g�h�\�g�u�_ 
�f�h�^�_�e�b �b �Z�e�]�h�j�b�l�f�u�� �d�h�l�h�j�u�_ �i�j�b�f�_�g�y�x�l�k�y �^�e�y 
�Z�g�Z�e�b�a�Z �l�_�f�Z�l�b�d�b�� �Z �l�Z�d�`�_ �b�o �h�k�h�[�_�g�g�h�k�l�b �b �i�h�^�o�h�^�u 
�d �b�o �h�[�m�q�_�g�b�x [8]. 

1. �F�_�l�h�^�u �g�Z �h�k�g�h�\�_ �d�e�Z�k�k�b�n�b�d�Z�p�b�b �l�_�d�k�l�Z�� 
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�D�e�Z�k�k�b�n�b�d�Z�p�b�y �l�_�d�k�l�Z �± �h�^�b�g �b�a �[�Z�a�h�\�u�o 
�i�h�^�o�h�^�h�\ �\ �Z�g�Z�e�b�a�_ �l�_�f�Z�l�b�d�b�� �d�h�l�h�j�u�c �i�h�a�\�h�e�y�_�l 
�h�l�g�h�k�b�l�v �l�_�d�k�l �d �h�i�j�_�^�_�e�z�g�g�h�c �d�Z�l�_�]�h�j�b�b �g�Z �h�k�g�h�\�_ 
�_�]�h �o�Z�j�Z�d�l�_�j�b�k�l�b�d�� �H�k�g�h�\�g�u�_ �Z�e�]�h�j�b�l�f�u 
�d�e�Z�k�k�b�n�b�d�Z�p�b�b �l�_�d�k�l�Z �\�d�e�x�q�Z�x�l�� 

- �G�Z�b�\�g�u�c �[�Z�c�_�k�h�\�k�d�b�c �d�e�Z�k�k�b�n�b�d�Z�l�h�j�� 
�f�h�^�_�e�v�� �h�k�g�h�\�Z�g�g�Z�y �g�Z �i�j�b�f�_�g�_�g�b�b �l�_�h�j�_�f�u �;�Z�c�_�k�Z�� 
�^�_�e�Z�_�l �i�j�_�^�i�h�e�h�`�_�g�b�_ �h �g�_�a�Z�\�b�k�b�f�h�k�l�b 
�o�Z�j�Z�d�l�_�j�b�k�l�b�d (�k�e�h�\�� �l�_�d�k�l�Z�� �W�l�Z �f�h�^�_�e�v �i�j�h�k�l�Z �\ 
�j�_�Z�e�b�a�Z�p�b�b �b �q�Z�k�l�h �b�k�i�h�e�v�a�m�_�l�k�y �\ �a�Z�^�Z�q�Z�o 
�d�e�Z�k�k�b�n�b�d�Z�p�b�b �i�h �l�_�f�Z�f�� �h�k�h�[�_�g�g�h �^�e�y �d�h�j�h�l�d�b�o 
�l�_�d�k�l�h�\�� 

- �F�_�l�h�^ �h�i�h�j�g�u�o �\�_�d�l�h�j�h�\ (Support Vector 
Machine, SVM): �Z�e�]�h�j�b�l�f�� �d�h�l�h�j�u�c �k�l�j�h�b�l 
�]�b�i�_�j�i�e�h�k�d�h�k�l�v�� �j�Z�a�^�_�e�y�x�s�m�x �d�e�Z�k�k�u �k 
�f�Z�d�k�b�f�Z�e�v�g�u�f �a�Z�a�h�j�h�f�� SVM �i�h�d�Z�a�Z�e �o�h�j�h�r�b�_ 
�j�_�a�m�e�v�l�Z�l�u �\ �a�Z�^�Z�q�Z�o �l�_�f�Z�l�b�q�_�k�d�h�c �d�e�Z�k�k�b�n�b�d�Z�p�b�b 
�[�e�Z�]�h�^�Z�j�y �k�\�h�_�c �k�i�h�k�h�[�g�h�k�l�b �g�Z�o�h�^�b�l�v �]�j�Z�g�b�p�u 
�f�_�`�^�m �j�Z�a�e�b�q�g�u�f�b �l�_�f�Z�f�b�� �q�l�h �^�_�e�Z�_�l �_�]�h 
�i�h�^�o�h�^�y�s�b�f �^�e�y �Z�g�Z�e�b�a�Z �^�Z�g�g�u�o �b�a �k�h�p�b�Z�e�v�g�u�o 
�k�_�l�_�c�� 

- Random Forest ���k�e�m�q�Z�c�g�u�c �e�_�k�� �± �w�l�h 
�Z�g�k�Z�f�[�e�_�\�u�c �Z�e�]�h�j�b�l�f �f�Z�r�b�g�g�h�]�h �h�[�m�q�_�g�b�y�� 
�d�h�l�h�j�u�c �b�k�i�h�e�v�a�m�_�l�k�y �^�e�y �a�Z�^�Z�q �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� 
�j�_�]�j�_�k�k�b�b �b �^�j�m�]�b�o�� �H�g �h�k�g�h�\�Z�g �g�Z �h�[�t�_�^�b�g�_�g�b�b 
�[�h�e�v�r�h�]�h �d�h�e�b�q�_�k�l�\�Z �j�_�r�Z�x�s�b�o �^�_�j�_�\�v�_�\�� �q�l�h�[�u 
�m�e�m�q�r�b�l�v �l�h�q�g�h�k�l�v �i�j�_�^�k�d�Z�a�Z�g�b�y �b �k�g�b�a�b�l�v �j�b�k�d 
�i�_�j�_�h�[�m�q�_�g�b�y�� 

- �E�h�]�b�k�l�b�q�_�k�d�Z�y �j�_�]�j�_�k�k�b�y�� �e�b�g�_�c�g�Z�y 
�f�h�^�_�e�v�� �d�h�l�h�j�Z�y �l�Z�d�`�_ �q�Z�k�l�h �b�k�i�h�e�v�a�m�_�l�k�y �^�e�y 
�l�_�d�k�l�h�\�h�c �d�e�Z�k�k�b�n�b�d�Z�p�b�b�� �E�h�]�b�k�l�b�q�_�k�d�Z�y �j�_�]�j�_�k�k�b�y 
�i�j�h�k�l�Z �b �w�n�n�_�d�l�b�\�g�Z �^�e�y �[�h�e�v�r�b�o �g�Z�[�h�j�h�\ �^�Z�g�g�u�o �b 
�q�Z�k�l�h �i�j�b�f�_�g�y�_�l�k�y �\ �d�h�f�[�b�g�Z�p�b�b �k �f�_�l�h�^�Z�f�b 
�i�j�_�^�h�[�j�Z�[�h�l�d�b �l�_�d�k�l�Z�� �l�Z�d�b�f�b �d�Z�d TF-IDF. 

�W�l�b �f�h�^�_�e�b �l�j�_�[�m�x�l �i�j�_�^�\�Z�j�b�l�_�e�v�g�h 
�j�Z�a�f�_�q�_�g�g�u�o �^�Z�g�g�u�o �^�e�y �h�[�m�q�_�g�b�y�� �Z �b�o 
�w�n�n�_�d�l�b�\�g�h�k�l�v �a�Z�\�b�k�b�l �h�l �d�Z�q�_�k�l�\�Z �j�Z�a�f�_�l�d�b �b 
�h�[�t�z�f�Z �^�Z�g�g�u�o�� 

2. �G�_�c�j�h�g�g�u�_ �k�_�l�b �^�e�y �Z�g�Z�e�b�a�Z �l�_�d�k�l�Z�� 
�G�_�c�j�h�g�g�u�_ �k�_�l�b �b �]�e�m�[�h�d�h�_ �h�[�m�q�_�g�b�_ �k�l�Z�e�b 

�i�h�i�m�e�y�j�g�u�f�b �b�g�k�l�j�m�f�_�g�l�Z�f�b �\ �a�Z�^�Z�q�Z�o �h�[�j�Z�[�h�l�d�b 
�l�_�d�k�l�Z �b �h�i�j�_�^�_�e�_�g�b�y �l�_�f�Z�l�b�d�b �[�e�Z�]�h�^�Z�j�y �k�\�h�_�c 
�k�i�h�k�h�[�g�h�k�l�b �\�u�y�\�e�y�l�v �k�e�h�`�g�u�_ �i�Z�l�l�_�j�g�u �b 
�d�h�g�l�_�d�k�l�g�u�_ �k�\�y�a�b �f�_�`�^�m �k�e�h�\�Z�f�b�� �H�k�g�h�\�g�u�_ 
�Z�j�o�b�l�_�d�l�m�j�u�� �b�k�i�h�e�v�a�m�_�f�u�_ �^�e�y �d�e�Z�k�k�b�n�b�d�Z�p�b�b 
�l�_�d�k�l�Z�� 

- �K�\�_�j�l�h�q�g�u�_ �g�_�c�j�h�g�g�u�_ �k�_�l�b (CNN): 
�h�[�u�q�g�h �b�k�i�h�e�v�a�m�x�l�k�y �^�e�y �Z�g�Z�e�b�a�Z �^�Z�g�g�u�o �\ �h�[�e�Z�k�l�b 
�b�a�h�[�j�Z�`�_�g�b�c�� �h�^�g�Z�d�h �f�h�]�m�l �w�n�n�_�d�l�b�\�g�h �i�j�b�f�_�g�y�l�v�k�y 
�^�e�y �d�e�Z�k�k�b�n�b�d�Z�p�b�b �l�_�d�k�l�Z�� �h�k�h�[�_�g�g�h �\ �d�h�f�[�b�g�Z�p�b�b �k 
�f�_�l�h�^�Z�f�b �i�j�_�^�k�l�Z�\�e�_�g�b�y �k�e�h�\�� �l�Z�d�b�f�b �d�Z�d Word2Vec. 
CNN �o�h�j�h�r�h �j�Z�[�h�l�Z�x�l �k �d�h�j�h�l�d�b�f�b �l�_�d�k�l�Z�f�b�� �l�Z�d �d�Z�d 
�k�i�h�k�h�[�g�u �\�u�^�_�e�y�l�v �i�Z�l�l�_�j�g�u�� �o�Z�j�Z�d�l�_�j�g�u�_ �^�e�y 
�h�i�j�_�^�_�e�z�g�g�u�o �l�_�f�� 

- �J�_�d�m�j�j�_�g�l�g�u�_ �g�_�c�j�h�g�g�u�_ �k�_�l�b (RNN) �b �b�o 
�f�h�^�b�n�b�d�Z�p�b�b (LSTM �b GRU): RNN �b �_�z �[�h�e�_�_ 
�k�h�\�_�j�r�_�g�g�u�_ �f�h�^�b�n�b�d�Z�p�b�b (LSTM �± Long Short-
Term Memory �b GRU �± Gated Recurrent Unit) 
�i�h�a�\�h�e�y�x�l �Z�g�Z�e�b�a�b�j�h�\�Z�l�v �l�_�d�k�l�u�� �m�q�b�l�u�\�Z�y �b�o 
�i�h�k�e�_�^�h�\�Z�l�_�e�v�g�m�x �k�l�j�m�d�l�m�j�m�� �W�l�b �k�_�l�b �h�k�h�[�_�g�g�h 
�i�h�e�_�a�g�u �i�j�b �Z�g�Z�e�b�a�_ �^�e�b�g�g�u�o �l�_�d�k�l�h�\ �b�e�b 
�^�h�d�m�f�_�g�l�h�\�� �i�h�k�d�h�e�v�d�m �h�g�b �k�i�h�k�h�[�g�u �k�h�o�j�Z�g�y�l�v 
�d�h�g�l�_�d�k�l �b�g�n�h�j�f�Z�p�b�b �g�Z �i�j�h�l�y�`�_�g�b�b �\�k�_�]�h �l�_�d�k�l�Z�� 

- �>�\�m�g�Z�i�j�Z�\�e�_�g�g�u�_ �f�h�^�_�e�b (Bi-RNN): �l�Z�d�b�_ 
�f�h�^�_�e�b �h�[�j�Z�[�Z�l�u�\�Z�x�l �l�_�d�k�l �h�^�g�h�\�j�_�f�_�g�g�h �\ �i�j�y�f�h�f 
�b �h�[�j�Z�l�g�h�f �g�Z�i�j�Z�\�e�_�g�b�y�o�� �q�l�h �i�h�a�\�h�e�y�_�l �e�m�q�r�_ 
�m�e�Z�\�e�b�\�Z�l�v �d�h�g�l�_�d�k�l �b �a�Z�\�b�k�b�f�h�k�l�b �f�_�`�^�m �k�e�h�\�Z�f�b�� 

�G�_�c�j�h�g�g�u�_ �k�_�l�b �l�j�_�[�m�x�l �[�h�e�v�r�b�o �h�[�t�_�f�h�\ 
�^�Z�g�g�u�o �^�e�y �h�[�m�q�_�g�b�y�� �Z �l�Z�d�`�_ �a�g�Z�q�b�l�_�e�v�g�u�o 
�\�u�q�b�k�e�b�l�_�e�v�g�u�o �j�_�k�m�j�k�h�\�� �q�l�h �f�h�`�_�l �k�l�Z�l�v 
�i�j�h�[�e�_�f�h�c �i�j�b �h�[�j�Z�[�h�l�d�_ �f�Z�k�k�b�\�g�u�o �^�Z�g�g�u�o 
�k�h�p�b�Z�e�v�g�u�o �k�_�l�_�c�� 

3. �F�h�^�_�e�b �l�j�Z�g�k�n�h�j�f�_�j�h�\ �b �]�e�m�[�h�d�b�_ 
�y�a�u�d�h�\�u�_ �f�h�^�_�e�b�� 

�K�h�\�j�_�f�_�g�g�u�_ �f�h�^�_�e�b �l�j�Z�g�k�n�h�j�f�_�j�h�\�� �l�Z�d�b�_ 
�d�Z�d BERT, GPT �b �b�o �i�j�h�b�a�\�h�^�g�u�_�� �k�l�Z�e�b �g�Z�b�[�h�e�_�_ 
�i�j�h�^�\�b�g�m�l�u�f�b �f�_�l�h�^�Z�f�b �Z�g�Z�e�b�a�Z �l�_�d�k�l�Z �b 
�d�e�Z�k�k�b�n�b�d�Z�p�b�b �l�_�f�� 

�H�k�g�h�\�g�u�_ �l�j�Z�g�k�n�h�j�f�_�j�g�u�_ �f�h�^�_�e�b: 
- BERT (Bidirectional Encoder Representations 

from Transformers): 
�^�\�m�g�Z�i�j�Z�\�e�_�g�g�Z�y �f�h�^�_�e�v�� �d�h�l�h�j�Z�y �h�[�m�q�Z�_�l�k�y 

�g�Z �h�]�j�h�f�g�u�o �h�[�t�_�f�Z�o �l�_�d�k�l�Z �b �i�h�a�\�h�e�y�_�l �m�q�b�l�u�\�Z�l�v 
�d�h�g�l�_�d�k�l�g�h�_ �a�g�Z�q�_�g�b�_ �k�e�h�\ �k �h�[�_�b�o �k�l�h�j�h�g�� BERT �b 
�_�]�h �i�j�h�b�a�\�h�^�g�u�_ �f�h�^�_�e�b (DistilBERT, RoBERTa) 
�i�h�d�Z�a�Z�e�b �\�u�k�h�d�b�_ �j�_�a�m�e�v�l�Z�l�u �\ �a�Z�^�Z�q�Z�o 
�d�e�Z�k�k�b�n�b�d�Z�p�b�b �b �l�_�f�Z�l�b�q�_�k�d�h�]�h �Z�g�Z�e�b�a�Z�� 

- GPT (Generative Pre-trained Transformer): 
�]�_�g�_�j�Z�l�b�\�g�Z�y �f�h�^�_�e�v�� �d�h�l�h�j�Z�y �i�h�a�\�h�e�y�_�l �k�h�a�^�Z�\�Z�l�v 
�l�_�d�k�l �b �l�Z�d�`�_ �f�h�`�_�l �i�j�b�f�_�g�y�l�v�k�y �^�e�y �d�e�Z�k�k�b�n�b�d�Z�p�b�b 
�g�Z �h�k�g�h�\�_ �l�_�f�Z�l�b�q�_�k�d�b�o �i�j�b�a�g�Z�d�h�\�� GPT 
�b�k�i�h�e�v�a�m�_�l�k�y �^�e�y �Z�g�Z�e�b�a�Z �b �]�_�g�_�j�Z�p�b�b �l�_�d�k�l�h�\�� �q�l�h 
�^�_�e�Z�_�l �_�z �i�h�e�_�a�g�h�c �^�e�y �i�h�g�b�f�Z�g�b�y �b �f�h�^�_�e�b�j�h�\�Z�g�b�y 
�l�_�f�Z�l�b�d �k�h�h�[�s�_�k�l�\�� 

- RoBERTa �b ALBERT: �h�i�l�b�f�b�a�b�j�h�\�Z�g�g�u�_ 
�\�_�j�k�b�b BERT, �d�h�l�h�j�u�_ �b�f�_�x�l �f�_�g�v�r�m�x �k�e�h�`�g�h�k�l�v �b 
�e�m�q�r�_ �i�h�^�o�h�^�y�l �^�e�y �Z�g�Z�e�b�a�Z �l�_�d�k�l�h�\ �\ �j�_�Z�e�v�g�h�f 
�\�j�_�f�_�g�b�� 

�F�h�^�_�e�b �l�j�Z�g�k�n�h�j�f�_�j�h�\ �l�j�_�[�m�x�l �[�h�e�v�r�b�o 
�j�_�k�m�j�k�h�\ �^�e�y �h�[�m�q�_�g�b�y�� �g�h �b�o �\�u�k�h�d�Z�y �l�h�q�g�h�k�l�v �b 
�k�i�h�k�h�[�g�h�k�l�v �d �]�_�g�_�j�Z�e�b�a�Z�p�b�b �^�_�e�Z�x�l �b�o 
�\�h�k�l�j�_�[�h�\�Z�g�g�u�f�b �^�e�y �a�Z�^�Z�q �Z�g�Z�e�b�a�Z �[�h�e�v�r�b�o 
�f�Z�k�k�b�\�h�\ �^�Z�g�g�u�o �\ �k�h�p�b�Z�e�v�g�u�o �k�_�l�y�o�� 

�L�_�f�Z�l�b�q�_�k�d�h�_ �f�h�^�_�e�b�j�h�\�Z�g�b�_ 
�h�i�j�_�^�_�e�_�g�b�y �l�_�f�Z�l�b�d�b �k�h�h�[�s�_�k�l�\�� �L�_�f�Z�l�b�q�_�k�d�h�_ 
�f�h�^�_�e�b�j�h�\�Z�g�b�_ �± �w�l�h �f�_�l�h�^ �Z�g�Z�e�b�a�Z �l�_�d�k�l�h�\�� 
�g�Z�i�j�Z�\�e�_�g�g�u�c �g�Z �\�u�y�\�e�_�g�b�_ �k�d�j�u�l�u�o �l�_�f �b �k�l�j�m�d�l�m�j�� 
�i�j�b�k�m�l�k�l�\�m�x�s�b�o �\ �[�h�e�v�r�b�o �h�[�t�_�f�Z�o �^�Z�g�g�u�o�� 
�H�k�g�h�\�g�u�_ �a�Z�^�Z�q�b �l�_�f�Z�l�b�q�_�k�d�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y 
�\�d�e�x�q�Z�x�l �d�e�Z�k�k�b�n�b�d�Z�p�b�x �^�h�d�m�f�_�g�l�h�\ �i�h �l�_�f�Z�f�� 
�\�u�^�_�e�_�g�b�_ �d�e�x�q�_�\�u�o �l�_�f�Z�l�b�q�_�k�d�b�o �h�[�e�Z�k�l�_�c�� �Z �l�Z�d�`�_ 
�Z�g�Z�e�b�a �l�_�g�^�_�g�p�b�c �b �b�a�f�_�g�_�g�b�c �\ �k�h�^�_�j�`�Z�g�b�b 
�l�_�d�k�l�h�\��  

1. Latent Dirichlet Allocation (LDA) 
�E�Z�l�_�g�l�g�h�_ �j�Z�a�f�_�s�_�g�b�_ �>�b�j�b�o�e�_ (Latent 

Dirichlet Allocation, LDA) �± �h�^�b�g �b�a �g�Z�b�[�h�e�_�_ 
�i�h�i�m�e�y�j�g�u�o �b �w�n�n�_�d�l�b�\�g�u�o �f�_�l�h�^�h�\ �\�_�j�h�y�l�g�h�k�l�g�h�]�h 
�l�_�f�Z�l�b�q�_�k�d�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y [9], �i�j�_�^�e�h�`�_�g�g�u�c 
�;�e�_�c �b �>�`�h�j�^�Z�g�h�f �\ 2003 �]�h�^�m�� �H�k�g�h�\�g�Z�y �b�^�_�y LDA 
�a�Z�d�e�x�q�Z�_�l�k�y �\ �l�h�f�� �q�l�h �d�Z�`�^�u�c �^�h�d�m�f�_�g�l �\ �d�h�j�i�m�k�_ 
�j�Z�k�k�f�Z�l�j�b�\�Z�_�l�k�y �d�Z�d �k�f�_�k�v �j�Z�a�e�b�q�g�u�o �l�_�f [10], �]�^�_ 
�d�Z�`�^�Z�y �l�_�f�Z �i�j�_�^�k�l�Z�\�e�_�g�Z �g�Z�[�h�j�h�f �k�e�h�\ �k 
�h�i�j�_�^�_�e�z�g�g�u�f�b �\�_�j�h�y�l�g�h�k�l�y�f�b�� 

LDA �i�h�d�Z�a�Z�e �\�u�k�h�d�m�x �w�n�n�_�d�l�b�\�g�h�k�l�v �^�e�y 
�Z�g�Z�e�b�a�Z �[�h�e�v�r�b�o �h�[�t�_�f�h�\ �l�_�d�k�l�h�\�� �l�Z�d�b�o �d�Z�d �k�l�Z�l�v�b�� 
�g�h�\�h�k�l�b �b �k�h�p�b�Z�e�v�g�u�_ �k�_�l�b�� �W�l�h�l �f�_�l�h�^ �f�h�`�_�l 
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�b�k�i�h�e�v�a�h�\�Z�l�v�k�y �^�e�y �i�h�k�l�j�h�_�g�b�y �d�Z�j�l�u �l�_�f�� �d�h�l�h�j�Z�y 
�i�h�f�h�]�Z�_�l �b�k�k�e�_�^�h�\�Z�l�_�e�y�f �b�e�b �[�b�a�g�_�k-�Z�g�Z�e�b�l�b�d�Z�f 
�\�u�y�\�e�y�l�v �h�k�g�h�\�g�u�_ �g�Z�i�j�Z�\�e�_�g�b�y �h�[�k�m�`�^�_�g�b�c �\ 
�k�h�h�[�s�_�k�l�\�Z�o �b �h�l�k�e�_�`�b�\�Z�l�v �b�a�f�_�g�_�g�b�y �\�h �\�j�_�f�_�g�b�� 

2. Non-negative Matrix Factorization (NMF) 
�G�_�g�_�]�Z�l�b�\�g�h�_ �f�Z�l�j�b�q�g�h�_ �j�Z�a�e�h�`�_�g�b�_ �± �w�l�h 

�e�b�g�_�c�g�Z�y �f�h�^�_�e�v �^�e�y �l�_�f�Z�l�b�q�_�k�d�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y�� 
�d�h�l�h�j�Z�y �j�Z�a�e�Z�]�Z�_�l �f�Z�l�j�b�p�m �l�_�j�f�h�\ �^�h�d�m�f�_�g�l�Z �g�Z �^�\�_ 
�i�h�^�f�Z�l�j�b�p�u �k �g�_�g�_�]�Z�l�b�\�g�u�f�b �w�e�_�f�_�g�l�Z�f�b�� �q�l�h 
�i�h�a�\�h�e�y�_�l �i�j�_�^�k�l�Z�\�b�l�v �^�h�d�m�f�_�g�l�u �\ �\�b�^�_ �e�b�g�_�c�g�h�c 
�d�h�f�[�b�g�Z�p�b�b �l�_�f�� 

NMF �h�[�u�q�g�h �i�j�b�f�_�g�y�_�l�k�y �^�e�y 
�l�_�f�Z�l�b�q�_�k�d�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y �\ �k�h�q�_�l�Z�g�b�b �k 
�f�_�l�h�^�Z�f�b�� �l�Z�d�b�f�b �d�Z�d TF-IDF, �q�l�h �m�e�m�q�r�Z�_�l �d�Z�q�_�k�l�\�h 
�j�_�a�m�e�v�l�Z�l�h�\ �a�Z �k�q�z�l �m�f�_�g�v�r�_�g�b�y �\�_�k�Z �q�Z�k�l�h 
�\�k�l�j�_�q�Z�x�s�b�o�k�y�� �g�h �f�Z�e�h�b�g�n�h�j�f�Z�l�b�\�g�u�o �k�e�h�\�� 

�=�b�[�j�b�^�g�u�_ �i�h�^�o�h�^�u �d �l�_�f�Z�l�b�q�_�k�d�h�f�m 
�f�h�^�_�e�b�j�h�\�Z�g�b�x�� �>�e�y �i�h�\�u�r�_�g�b�y �l�h�q�g�h�k�l�b 
�l�_�f�Z�l�b�q�_�k�d�h�]�h �f�h�^�_�e�b�j�h�\�Z�g�b�y �q�Z�k�l�h �i�j�b�f�_�g�y�x�l�k�y 
�]�b�[�j�b�^�g�u�_ �f�_�l�h�^�u�� �d�h�l�h�j�u�_ �k�h�q�_�l�Z�x�l �j�Z�a�e�b�q�g�u�_ 
�i�h�^�o�h�^�u�� 

�H�k�g�h�\�g�u�_ �i�j�b�f�_�j�u�� 
- LDA �k Word Embeddings: �m�e�m�q�r�Z�_�l LDA, 

�m�q�b�l�u�\�Z�y �k�_�f�Z�g�l�b�q�_�k�d�b�_ �k�\�y�a�b �f�_�`�^�m �k�e�h�\�Z�f�b�� 
�G�Z�i�j�b�f�_�j�� �f�h�`�g�h �b�k�i�h�e�v�a�h�\�Z�l�v �\�_�d�l�h�j�g�u�_ 
�i�j�_�^�k�l�Z�\�e�_�g�b�y �^�e�y �b�g�b�p�b�Z�e�b�a�Z�p�b�b LDA-�f�h�^�_�e�b�� �q�l�h 
�i�h�a�\�h�e�y�_�l �k�]�j�m�i�i�b�j�h�\�Z�l�v 

�k�o�h�`�b�_ �k�e�h�\�Z �\�f�_�k�l�_ �b �i�h�\�u�k�b�l�v �d�Z�q�_�k�l�\�h 
�f�h�^�_�e�b�j�h�\�Z�g�b�y�� 

- �D�e�Z�k�l�_�j�b�a�Z�p�b�y �g�Z �h�k�g�h�\�_ BERT-
�w�f�[�_�^�^�b�g�]�h�\�� �k�h�q�_�l�Z�g�b�_ BERT �b �f�_�l�h�^�h�\ 
�d�e�Z�k�l�_�j�b�a�Z�p�b�b�� �l�Z�d�b�o �d�Z�d K-means, �i�h�a�\�h�e�y�_�l 
�]�j�m�i�i�b�j�h�\�Z�l�v �^�h�d�m�f�_�g�l�u �k �m�q�z�l�h�f �d�h�g�l�_�d�k�l�g�h�c 
�[�e�b�a�h�k�l�b �k�e�h�\�� �W�l�h�l �i�h�^�o�h�^ �i�j�b�f�_�g�y�_�l�k�y �^�e�y 
�\�u�y�\�e�_�g�b�y �l�_�f�Z�l�b�q�_�k�d�b�o �]�j�m�i�i�� �i�j�b �w�l�h�f 
�^�h�k�l�b�]�Z�_�l�k�y �\�u�k�h�d�Z�y �l�h�q�g�h�k�l�v �[�e�Z�]�h�^�Z�j�y 
�b�k�i�h�e�v�a�h�\�Z�g�b�x �d�h�g�l�_�d�k�l�m�Z�e�v�g�u�o �i�j�_�^�k�l�Z�\�e�_�g�b�c�� 

- �K�h�\�f�_�s�_�g�b�_ NMF �b TF-IDF: NMF �q�Z�k�l�h 
�b�k�i�h�e�v�a�m�_�l�k�y �k �f�Z�l�j�b�p�_�c TF-IDF, �q�l�h �i�h�a�\�h�e�y�_�l 
�i�h�\�u�k�b�l�v �d�Z�q�_�k�l�\�h �l�_�f�� �\�u�^�_�e�y�y �[�h�e�_�_ 
�b�g�n�h�j�f�Z�l�b�\�g�u�_ �k�e�h�\�Z �b �k�g�b�`�Z�y �\�e�b�y�g�b�_ �q�Z�k�l�h 
�\�k�l�j�_�q�Z�x�s�b�o�k�y�� 

�=�b�[�j�b�^�g�u�_ �f�_�l�h�^�u �i�h�a�\�h�e�y�x�l �m�q�b�l�u�\�Z�l�v 
�j�Z�a�e�b�q�g�u�_ �Z�k�i�_�d�l�u �l�_�d�k�l�Z�� �l�Z�d�b�_ �d�Z�d �d�h�g�l�_�d�k�l�� 
�k�_�f�Z�g�l�b�q�_�k�d�b�_ �k�\�y�a�b �b �k�l�j�m�d�l�m�j�g�u�_ �h�k�h�[�_�g�g�h�k�l�b�� �q�l�h 
�^�_�e�Z�_�l �b�o �i�h�e�_�a�g�u�f�b �^�e�y �Z�g�Z�e�b�a�Z �^�Z�g�g�u�o �\ 
�k�h�p�b�Z�e�v�g�u�o �k�_�l�y�o�� �]�^�_ �l�_�d�k�l�u �q�Z�k�l�h �d�h�j�h�l�d�b�_ �b 
�k�h�^�_�j�`�Z�l �`�Z�j�]�h�g�� 

�I�h�^�\�h�^�y �b�l�h�] �f�h�`�g�h �k�^�_�e�Z�l�v �\�u�\�h�^�� �q�l�h �^�e�y 
�h�i�j�_�^�_�e�_�g�b�y �l�_�f�Z�l�b�d �k�h�h�[�s�_�k�l�\ �\ �k�h�p�b�Z�e�v�g�u�o �k�_�l�y�o 
�f�h�]�m�l �b�k�i�h�e�v�a�h�\�Z�l�v�k�y �j�Z�a�e�b�q�g�u�_ �f�_�l�h�^�u �h�[�j�Z�[�h�l�d�b 
�l�_�d�k�l�Z �g�Z �_�k�l�_�k�l�\�_�g�g�h�f �y�a�u�d�_�� �<�u�[�h�j �l�h�]�h �b�e�b �b�g�h�]�h 
�f�_�l�h�^�Z �[�m�^�_�l �a�Z�\�b�k�_�l�v �h�l �b�f�_�x�s�b�o�k�y �j�_�k�m�j�k�h�\�� 
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�H�^�g�Z �b�a �d�e�x�q�_�\�u�o �a�Z�^�Z�q �m�g�b�\�_�j�k�b�l�_�l�h�\ �b 
�\�u�k�r�_�]�h �h�[�j�Z�a�h�\�Z�g�b�y �\ �p�_�e�h�f �± �w�l�h �i�h�k�l�Z�g�h�\�d�Z �b 
�j�Z�a�\�b�l�b�_ �m �k�l�m�^�_�g�l�h�\ �f�u�r�e�_�g�b�y�� 
�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�]�h�� �f�h�^�_�e�v�g�h�]�h�� �b�g�`�_�g�_�j�g�h-
�d�h�g�k�l�j�m�d�l�h�j�k�d�h�]�h �b�e�b�� �g�Z�i�j�b�f�_�j�� �^�e�y �f�_�^�b�p�b�g�u�� 
�d�e�b�g�b�q�_�k�d�h�]�h�� �F�u�r�e�_�g�b�y�� �d�h�l�h�j�h�_ �i�h�a�\�h�e�y�_�l 
�^�_�c�k�l�\�h�\�Z�l�v �g�Z �i�_�j�_�^�g�_�f �d�j�Z�_ �b�k�k�e�_�^�h�\�Z�g�b�c�� 
�j�Z�k�r�b�j�y�l�v �]�j�Z�g�b�p�u �^�_�y�l�_�e�v�g�h�k�l�b�� �b�a�h�[�j�_�l�Z�l�v �g�h�\�u�_ 
�l�_�o�g�h�e�h�]�b�b �b �k�i�h�k�h�[�u �i�j�h�b�a�\�h�^�k�l�\�Z [1]. 

�F�u �i�h�e�Z�]�Z�_�f�� �q�l�h �i�j�b �i�h�^�]�h�l�h�\�d�_ �m�q�_�g�u�o-
�Z�g�Z�e�b�l�b�d�h�\ �\ �h�[�e�Z�k�l�b �B�B �g�_�h�[�o�h�^�b�f�h �k�l�Z�\�b�l�v �a�Z�^�Z�q�m 
�i�h�g�b�f�Z�g�b�y �k�l�m�^�_�g�l�Z�f�b �h�k�h�[�_�g�g�h�k�l�_�c�� �^�h�k�l�h�b�g�k�l�\ �b 
�g�_�^�h�k�l�Z�l�d�h�\ �b�a�m�q�Z�_�f�u�o �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �f�h�^�_�e�_�c �b 
�f�_�l�h�^�h�\�� �l���d�� �f�u �k�l�Z�\�b�f �p�_�e�v�x �i�h�^�]�h�l�h�\�d�m �g�_ �l�h�e�v�d�h 
�]�j�Z�f�h�l�g�u�o �i�h�e�v�a�h�\�Z�l�_�e�_�c �\ �h�[�e�Z�k�l�b �f�_�l�h�^�h�\ �b 
�k�j�_�^�k�l�\ �B�B�� �g�h �m�q�_�g�u�o �i�h �^�Z�g�g�u�f (Data Scientists), 
�d�h�l�h�j�u�_ �^�Z�e�_�_ �[�m�^�m�l �g�_�k�l�b �h�i�j�_�^�_�e�_�g�g�m�x 
�h�l�\�_�l�k�l�\�_�g�g�h�k�l�v �a�Z �Z�^�_�d�\�Z�l�g�h�k�l�v �b �^�h�k�l�h�\�_�j�g�h�k�l�v 
�j�_�a�m�e�v�l�Z�l�h�\ �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�]�h �Z�g�Z�e�b�a�Z �[�h�e�v�r�b�o 
�^�Z�g�g�u�o (Data Mining). �>�e�y �\�u�j�Z�[�h�l�d�b �m �[�m�^�m�s�_�]�h 
�k�i�_�p�b�Z�e�b�k�l�Z �l�Z�d�h�]�h �j�h�^�Z �d�Z�q�_�k�l�\ �g�_�h�[�o�h�^�b�f�Z 
�k�_�j�v�_�a�g�Z�y �n�m�g�^�Z�f�_�g�l�Z�e�v�g�Z�y �f�Z�l�_�f�Z�l�b�q�_�k�d�Z�y 
�i�h�^�]�h�l�h�\�d�Z�� 

�K�h�\�j�_�f�_�g�g�h�_ �k�h�k�l�h�y�g�b�_ �f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h 
�h�[�j�Z�a�h�\�Z�g�b�y �\ �\�m�a�Z�o�� �i�h �f�g�_�g�b�x �f�g�h�]�b�o 
�b�k�k�e�_�^�h�\�Z�l�_�e�_�c�� �o�Z�j�Z�d�l�_�j�b�a�m�_�l�k�y �g�Z�e�b�q�b�_�f �j�y�^�Z 
�i�j�h�[�e�_�f (�k�f���� �g�Z�i�j�b�f�_�j�� [2-4]). �G�_ �k�l�Z�\�y �p�_�e�v�x 
�h�o�\�Z�l�b�l�v �k�i�_�d�l�j �\�h�a�g�b�d�Z�x�s�b�o �i�j�h�[�e�_�f �\ �p�_�e�h�f�� 
�a�Z�h�k�l�j�b�f �\�g�b�f�Z�g�b�_ �g�Z �h�k�h�[�_�g�g�h�k�l�y�o �i�j�_�i�h�^�Z�\�Z�g�b�y 
�n�m�g�^�Z�f�_�g�l�Z�e�v�g�h�c �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c �k�h�k�l�Z�\�e�y�x�s�_�c 
�i�j�b �h�[�m�q�_�g�b�b �f�_�l�h�^�Z�f �B�B �k�l�m�^�_�g�l�h�\ �d�e�Z�k�k�b�q�_�k�d�h�]�h 
�m�g�b�\�_�j�k�b�l�_�l�Z�� 

- �h�i�j�_�^�_�e�_�g�g�h�_ �h�l�k�m�l�k�l�\�b�_ �_�^�b�g�k�l�\�Z 
�l�_�h�j�_�l�b�q�_�k�d�h�c �b �i�j�Z�d�l�b�q�_�k�d�h�c �k�h�k�l�Z�\�e�y�x�s�_�c��  

�A�Z�q�Z�k�l�m�x �k�h�^�_�j�`�Z�g�b�_ �i�j�_�i�h�^�Z�\�Z�_�f�u�o 
�^�b�k�p�b�i�e�b�g �g�Z�i�j�Z�\�e�_�g�h �g�_ �k�l�h�e�v�d�h �g�Z �a�Z�d�e�Z�^�u�\�Z�g�b�_ 
�m�f�_�g�b�y �i�h�k�e�_�^�m�x�s�_�]�h �i�j�b�f�_�g�_�g�b�y �f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h 
�a�g�Z�g�b�y�� �k�d�h�e�v�d�h �g�Z �h�l�j�Z�[�h�l�d�m �g�Z�\�u�d�h�\ �b�k�i�h�e�v�a�h�\�Z�g�b�y 
�b�f�_�x�s�b�o�k�y �f�_�l�h�^�h�\�� �i�j�b�_�f�h�\�� �[�b�[�e�b�h�l�_�d �i�j�h�]�j�Z�f�f 
�b �l���i�� �<�k�e�_�^�k�l�\�b�_ �l�Z�d�h�]�h �i�h�^�o�h�^�Z ���g�Z�a�h�\�_�f �_�]�h 
�i�j�b�d�e�Z�^�g�u�f���� �i�j�b�h�[�j�_�l�_�g�g�u�_ �l�_�h�j�_�l�b�q�_�k�d�b�_ �a�g�Z�g�b�y�� 
�g�_ �i�h�e�m�q�Z�y �^�h�e�`�g�h�]�h �n�m�g�d�p�b�h�g�Z�e�v�g�h�]�h 
�b�k�i�h�e�v�a�h�\�Z�g�b�y�� �i�h�a�`�_ �e�_�]�d�h �m�l�j�Z�q�b�\�Z�x�l�k�y�� 

- �g�_�^�h�k�l�Z�l�h�q�g�u�c �m�q�_�l �i�k�b�o�h�e�h�]�h-
�i�_�^�Z�]�h�]�b�q�_�k�d�b�o �h�k�h�[�_�g�g�h�k�l�_�c �h�j�]�Z�g�b�a�Z�p�b�b 
�i�h�a�g�Z�\�Z�l�_�e�v�g�h�c �^�_�y�l�_�e�v�g�h�k�l�b �k�l�m�^�_�g�l�h�\��  

�>�b�^�Z�d�l�b�q�_�k�d�b�c �i�h��̂o�h�^ �\ �b�a�e�h�`�_�g�b�b 
�f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h �d�h�f�i�h�g�_�g�l�Z �q�Z�k�l�h �i�j�b�\�h�^�b�l �d 
�g�_�i�h�e�g�h�l�_ �h�k�\�h�_�g�b�y �f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h �a�g�Z�g�b�y�� �D �l�h�f�m 
�`�_ �g�Z�e�b�q�b�_ �h�i�j�_�^�_�e�_�g�g�h�c �g�_�h�^�g�h�a�g�Z�q�g�h�k�l�b �i�j�b 
�i�j�b�d�e�Z�^�g�h�f �b�k�i�h�e�v�a�h�\�Z�g�b�b �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �f�_�l�h�^�h�\ 

�a�Z�q�Z�k�l�m�x �i�j�b�\�h�^�b�l �d �^�b�k�[�Z�e�Z�g�k�m �b�a�m�q�_�g�g�u�o �i�h�g�y�l�b�c 
�b �i�h�e�h�`�_�g�b�c �m �k�l�m�^�_�g�l�h�\ ���\ �h�k�h�[�_�g�g�h�k�l�b �± 
�g�_�f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �i�j�h�n�b�e�_�c���� 

- �b�k�i�h�e�v�a�h�\�Z�g�b�_ �k�h�\�j�_�f�_�g�g�u�f�b �k�l�m�^�_�g�l�Z�f�b 
�k�j�_�^�k�l�\ �B�B ���\ �q�Z�k�l�g�h�k�l�b�� ChatGPT) �\ �i�h�^�]�h�l�h�\�d�_ 
�k�Z�f�h�k�l�h�y�l�_�e�v�g�u�o �a�Z�^�Z�g�b�c�� �q�l�h �y�\�e�y�_�l�k�y �h�l�d�j�h�\�_�g�g�u�f 
�g�Z�j�m�r�_�g�b�_�f �i�j�b�g�p�b�i�h�\ �l�j�Z�^�b�p�b�h�g�g�h�]�h 
�i�_�^�Z�]�h�]�b�q�_�k�d�h�]�h �i�j�h�p�_�k�k�Z�� 

�H�k�g�h�\�g�u�f�b �i�j�b�q�b�g�Z�f�b �g�_�^�h�k�l�Z�l�h�q�g�h 
�\�u�k�h�d�h�]�h �d�Z�q�_�k�l�\�Z �f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h �h�[�j�Z�a�h�\�Z�g�b�y 
�[�m�^�m�s�_�]�h �k�i�_�p�b�Z�e�b�k�l�Z ���m�q�_�g�h�]�h �i�h �^�Z�g�g�u�f�� �\ �\�m�a�_ 
�f�h�`�g�h �g�Z�a�\�Z�l�v�� 

- �h�l�k�m�l�k�l�\�b�_ �^�_�c�k�l�\�_�g�g�h�]�h �f�_�o�Z�g�b�a�f�Z 
�i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�c �h�j�b�_�g�l�Z�p�b�b �\ �k�h�\�j�_�f�_�g�g�h�f 
�h�[�j�Z�a�h�\�Z�g�b�b�� 

- �f�Z�l�_�f�Z�l�b�q�_�k�d�Z�y �i�h�^�]�h�l�h�\�d�Z �g�Z�i�j�Z�\�e�_�g�Z �g�Z 
�b�a�e�h�`�_�g�b�_ �h�k�g�h�\ �n�m�g�^�Z�f�_�g�l�Z�e�v�g�h�c �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c 
�g�Z�m�d�b�� �< �j�_�a�m�e�v�l�Z�l�_ �g�_�^�h�k�l�Z�l�h�q�g�h �\�g�b�f�Z�g�b�y 
�m�^�_�e�y�_�l�k�y �_�_ �i�j�Z�d�l�b�q�_�k�d�b�f �i�j�b�e�h�`�_�g�b�y�f�� �d�Z�d 
�k�e�_�^�k�l�\�b�_�� �k�l�m�^�_�g�l�u �g�_ �\�b�^�y�l �k�e�Z�`�_�g�g�h�k�l�b 
�f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �b �k�i�_�p�b�Z�e�v�g�h-�i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�o 
�a�g�Z�g�b�c�� �k�q�b�l�Z�x�l �b�a�m�q�_�g�b�_ �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �h�k�g�h�\ 
�n�h�j�f�Z�e�v�g�u�f �^�_�e�h�f�� �l�_�j�y�x�l �b�g�l�_�j�_�k �d �b�a�m�q�Z�_�f�h�f�m 
�f�Z�l�_�j�b�Z�e�m�� 

- �g�_�k�h�[�e�x�^�_�g�b�_ �i�j�b�g�p�b�i�Z �g�_�i�j�_�j�u�\�g�h�k�l�b 
�f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h �h�[�j�Z�a�h�\�Z�g�b�y �\ �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�c 
�i�h�^�]�h�l�h�\�d�_�� �G�Z�i�j�b�f�_�j�� �g�Z �i�h�k�e�_�^�g�b�o �d�m�j�k�Z�o 
�h�[�m�q�_�g�b�y �k�l�m�^�_�g�l�u �g�_�^�h�k�l�Z�l�h�q�g�h �b�k�i�h�e�v�a�m�x�l 
�n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�c �i�h�^�o�h�^ �\ �i�j�b�f�_�g�_�g�b�b 
�f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �a�g�Z�g�b�c �b �f�_�l�h�^�h�\ �i�j�b �i�h�^�]�h�l�h�\�d�_ 
�d�m�j�k�h�\�u�o �b �\�u�i�m�k�d�g�u�o �d�\�Z�e�b�n�b�d�Z�p�b�h�g�g�u�o �j�Z�[�h�l�� 

- �m �k�l�m�^�_�g�l�h�\ �\ �g�_�^�h�k�l�Z�l�h�q�g�h�c �k�l�_�i�_�g�b 
�j�Z�a�\�b�l�u �m�f�_�g�b�y �b �g�Z�\�u�d�b �k�Z�f�h�k�l�h�y�l�_�e�v�g�h�c �j�Z�[�h�l�u �k 
�g�Z�m�q�g�h-�i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�c �e�b�l�_�j�Z�l�m�j�h�c�� 

�I �j�h�n�_�k�k�b�h�g�Z�e�v�g�h-�i�j�b�d�e�Z�^�g�Z�y 
�f�Z�l�_�f�Z�l�b�q�_�k�d�Z�y �d�h�f�i�_�l�_�g�l�g�h�k�l�v �[�m�^�m�s�_�]�h �m�q�_�g�h�]�h 
�i�h �^�Z�g�g�u�f�� �y�\�e�y�x�s�Z�y�k�y �k�h�k�l�Z�\�g�h�c �q�Z�k�l�v�x �_�]�h 
�h�[�s�_�d�m�e�v�l�m�j�g�h�c �b �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�c 
�d�h�f�i�_�l�_�g�l�g�h�k�l�_�c�� �i�h�g�b�f�Z�_�l�k�y �d�Z�d �b�g�l�_�]�j�Z�l�b�\�g�h�_ 
�i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h-�e�b�q�g�h�k�l�g�h�_ �d�Z�q�_�k�l�\�h�� 
�o�Z�j�Z�d�l�_�j�b�a�m�x�s�_�_�k�y �g�Z�e�b�q�b�_�f�� 

- �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h-�f�Z�l�_�f�Z�l�b�q�_�k�d�h�c 
�]�j�Z�f�h�l�g�h�k�l�b ���f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �a�g�Z�g�b�c �b �m�f�_�g�b�c�� 
�k�i�h�k�h�[�g�h�k�l�b �j�_�i�j�h�^�m�p�b�j�h�\�Z�l�v �b�o �\ �[�m�^�m�s�_�c 
�i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�c �^�_�y�l�_�e�v�g�h�k�l�b���� 

- �h�i�u�l�Z �k�Z�f�h�k�l�h�y�l�_�e�v�g�h�c �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�c 
�^�_�y�l�_�e�v�g�h�k�l�b�� 

- �]�h�l�h�\�g�h�k�l�b �b�k�i�h�e�v�a�h�\�Z�l�v �f�Z�l�_�f�Z�l�b�q�_�k�d�b�_ 
�a�g�Z�g�b�y �b �m�f�_�g�b�y �\ �[�m�^�m�s�_�c �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�c 
�^�_�y�l�_�e�v�g�h�k�l�b�� 

�I�j�h�n�_�k�k�b�h�g�Z�e�v�g�h�_ �k�l�Z�g�h�\�e�_�g�b�_ �b �j�Z�a�\�b�l�b�_ 
�[�m�^�m�s�_�]�h �m�q�_�g�h�]�h �i�h �^�Z�g�g�u�f �k�h�i�j�y�`�_�g�h �k 
�j�Z�a�j�_�r�_�g�b�_�f �i�j�h�[�e�_�f�u �j�Z�a�j�Z�[�h�l�d�b 
�d�h�f�i�_�l�_�g�l�g�h�k�l�g�h�c �k�h�k�l�Z�\�e�y�x�s�_�c �k�h�^�_�j�`�Z�g�b�y 
�f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �^�b�k�p�b�i�e�b�g�� �h�i�j�_�^�_�e�_�g�g�u�f 
�b�a�f�_�g�_�g�b�_�f �i�h�^�o�h�^�Z �d �h�[�m�q�_�g�b�x �j�_�r�_�g�b�y�f 
�\�h�a�g�b�d�Z�x�s�b�o �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �a�Z�^�Z�q�� �q�l�h 
�i�j�_�^�i�h�e�Z�]�Z�_�l �\�g�_�k�_�g�b�_ �j�y�^�Z �b�g�g�h�\�Z�p�b�c �\ �m�q�_�[�g�u�c 
�i�j�h�p�_�k�k�� �L�j�_�[�m�_�l�k�y �h�[�_�k�i�_�q�b�l�v �m�k�e�h�\�b�y�� �i�j�b �d�h�l�h�j�u�o 
�k�l�m�^�_�g�l �k�f�h�`�_�l �k�Z�f �h�i�j�_�^�_�e�b�l�v �^�e�y �k�_�[�y �e�b�q�g�h�k�l�g�m�x 
�b �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�m�x �a�g�Z�q�b�f�h�k�l�v �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o 
�a�g�Z�g�b�c �b �m�f�_�g�b�c�� �h�k�h�a�g�Z�l�v �g�_�h�[�o�h�^�b�f�h�k�l�v �h�k�\�h�_�g�b�y 
�f�Z�l�_�f�Z�l�b�q�_�k�d�h�c �^�b�k�p�b�i�e�b�g�u�� �\�u�[�j�Z�l�v 
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�^�h�i�h�e�g�b�l�_�e�v�g�u�c �f�Z�l�_�j�b�Z�e �^�e�y �b�a�m�q�_�g�b�y�� �>�e�y �w�l�h�]�h 
�g�Z�^�h �h�l�h�c�l�b �h�l �l�j�Z�^�b�p�b�h�g�g�h�]�h �i�h�^�o�h�^�Z �d �b�a�e�h�`�_�g�b�x 
�n�m�g�^�Z�f�_�g�l�Z�e�v�g�u�o �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �a�g�Z�g�b�c�� �\ 
�d�h�l�h�j�h�f �i�j�b�h�j�b�l�_�l�g�h�c �y�\�e�y�_�l�k�y �g�Z�m�q�g�h�k�l�v 
�k�h�^�_�j�`�Z�g�b�y�� �h�j�b�_�g�l�b�j�h�\�Z�g�g�h�k�l�v �g�Z �i�_�j�_�^�Z�q�m 
�l�_�h�j�_�l�b�q�_�k�d�h�c �k�h�k�l�Z�\�e�y�x�s�_�c �\ �\�b�^�_ �Z�[�k�l�j�Z�d�l�g�u�o 
�f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �a�g�Z�g�b�c �b �m�f�_�g�b�c �i�j�b �w�i�b�a�h�^�b�q�_�k�d�h�c 
�j�h�e�b ���b�e�b �^�Z�`�_ �h�l�k�m�l�k�l�\�b�b�� �i�j�Z�d�l�b�q�_�k�d�h�c 
�k�h�k�l�Z�\�e�y�x�s�_�c�� �k�\�y�a�Z�g�g�h�c �k �i�j�_�^�f�_�l�g�h�c 
�^�_�y�l�_�e�v�g�h�k�l�v�x �[�m�^�m�s�_�]�h �m�q�_�g�h�]�h �i�h �^�Z�g�g�u�f�� 

�M�q�_�l �\�k�_�o �w�l�Z�i�h�\ �i�j�h�p�_�k�k�Z �j�_�r�_�g�b�y �a�Z�^�Z�q 
�Z�g�Z�e�b�a�Z �^�Z�g�g�u�o�� �d�h�l�h�j�u�c �h�l�e�b�q�Z�_�l�k�y �h�l 
�l�j�Z�^�b�p�b�h�g�g�h�]�h �± �Z�g�Z�e�b�a �i�h�k�l�Z�g�h�\�d�b �a�Z�^�Z�q�b�� �i�h�b�k�d 
�j�_�r�_�g�b�y�� �h�k�m�s�_�k�l�\�e�_�g�b�_ �j�_�r�_�g�b�y �b �n�h�j�f�m�e�b�j�h�\�d�Z 
�h�l�\�_�l�Z�� �± �i�j�b�\�h�^�b�l �d �i�h�g�b�f�Z�g�b�x �[�h�e�_�_ �k�e�h�`�g�h 
�h�j�]�Z�g�b�a�h�\�Z�g�g�h�]�h �i�j�h�p�_�k�k�Z�� 

- �\�h�k�i�j�b�y�l�b�_ �b �Z�g�Z�e�b�a �i�h�k�l�Z�g�h�\�d�b �a�Z�^�Z�q�b�� 
- �i�h�k�l�j�h�_�g�b�_ �f�h�^�_�e�b �a�Z�^�Z�q�b�� 
- �i�h�b�k�d �k�i�h�k�h�[�Z �j�_�r�_�g�b�y �a�Z�^�Z�q�b�� 
- �h�k�m�s�_�k�l�\�e�_�g�b�_ �\�u�[�j�Z�g�g�h�]�h �k�i�h�k�h�[�Z 

�j�_�r�_�g�b�y �a�Z�^�Z�q�b�� 
- �i�j�h�\�_�j�d�Z �j�_�r�_�g�b�y �a�Z�^�Z�q�b�� 
- �n�h�j�f�m�e�b�j�h�\�d�Z �h�l�\�_�l�Z �a�Z�^�Z�q�b�� 
- �m�q�_�[�g�h-�i�h�a�g�Z�\�Z�l�_�e�v�g�u�c �Z�g�Z�e�b�a �a�Z�^�Z�q�b �b �_�_ 

�j�_�r�_�g�b�y�� 
�< �Z�g�Z�e�b�a�_ �^�Z�g�g�u�o �q�Z�k�l�h �h�k�g�h�\�g�h�_ �\�g�b�f�Z�g�b�_ 

�m�^�_�e�y�x�l �\�u�[�h�j�m �f�h�^�_�e�b �b �i�j�_�^�k�l�Z�\�e�_�g�b�x 
�j�_�a�m�e�v�l�Z�l�h�\�� �h�^�g�Z�d�h �d�h�f�i�_�l�_�g�l�g�h�k�l�g�u�c �i�h�^�o�h�^ �d 
�j�_�r�_�g�b�x �f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �a�Z�^�Z�q �i�h�^�q�_�j�d�b�\�Z�_�l 
�a�g�Z�q�b�f�h�k�l�v �\�k�_�o �w�l�Z�i�h�\ �i�j�h�p�_�k�k�Z�� �D�Z�`�^�u�c �w�l�Z�i �b�f�_�_�l 
�k�\�h�b �f�_�l�h�^�u �b �i�h�^�o�h�^�u�� �k�i�h�k�h�[�k�l�\�m�x�s�b�_ 
�n�h�j�f�b�j�h�\�Z�g�b�x �j�Z�a�e�b�q�g�u�o �m�j�h�\�g�_�c 
�i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h-�i�j�b�d�e�Z�^�g�h�c �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c 
�d�h�f�i�_�l�_�g�l�g�h�k�l�b �m �[�m�^�m�s�b�o �m�q�_�g�u�o �i�h �^�Z�g�g�u�f�� 
�J�Z�k�k�f�h�l�j�_�g�b�_ �k�h�^�_�j�`�Z�g�b�y �w�l�Z�i�h�\ �j�_�r�_�g�b�y �a�Z�^�Z�q �g�_ 
�l�h�e�v�d�h �d�Z�d �k�j�_�^�k�l�\ �^�e�y �g�Z�o�h�`�^�_�g�b�y �h�l�\�_�l�Z�� �g�h �b �d�Z�d 
�h�k�g�h�\�m �^�e�y �i�j�h�^�m�d�l�b�\�g�h�c �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h-
�i�j �b�d�e�Z�^�g�h�c �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c �^�_�y�l�_�e�v�g�h�k�l�b�� �i�j�b�\�h�^�b�l 
�d �g�_�h�[�o�h�^�b�f�h�k�l�b �h�k�h�[�u�o �l�j�_�[�h�\�Z�g�b�c �d �m�q�_�[�g�u�f 
�a�Z�^�Z�g�b�y�f�� �k�h�h�l�\�_�l�k�l�\�m�x�s�b�f �i�j�h�^�m�d�l�b�\�g�h�c 
���f�Z�l�_�f�Z�l�b�q�_�k�d�h�c�� �^�_�y�l�_�e�v�g�h�k�l�b �k�l�m�^�_�g�l�Z�� 

- �a�Z�^�Z�g�b�y �^�h�e�`�g�u �n�b�d�k�b�j�h�\�Z�l�v �g�_ �l�h�e�v�d�h 
�j�_�a�m�e�v�l�Z�l�� �g�h �b �\�Z�j�b�Z�g�l�u �_�]�h �\�u�i�h�e�g�_�g�b�y 
�h�[�m�q�Z�_�f�u�f�b ���j�_�r�b�l�v �h�^�g�b�f �b�e�b �g�_�k�d�h�e�v�d�b�f�b 
�f�_�l�h�^�Z�f�b �h�^�g�m �b �l�m �`�_ �a�Z�^�Z�q�m�� �k�h�k�l�Z�\�b�l�v �h�^�g�m �b�e�b 
�g�_�k�d�h�e�v�d�h �a�Z�^�Z�q �Z�g�Z�e�b�a�Z �^�Z�g�g�u�o �b �l���^������ 

- �g�h�\�h�_ �a�Z�^�Z�g�b�_ �g�_ �^�h�e�`�g�h �\�h�k�i�j�h�b�a�\�h�^�b�l�v 
�i�j�_�^�u�^�m�s�_�_ ���i�h �k�l�j�m�d�l�m�j�_�� �k�h�^�_�j�`�Z�g�b�x�� �n�h�j�f�_���� �W�l�h 
�i�h�a�\�h�e�b�l �^�h�[�b�l�v�k�y �l�h�]�h�� �q�l�h �k�l�m�^�_�g�l �[�m�^�_�l 
�b�k�i�h�e�v�a�h�\�Z�l�v �g�h�\�u�_ �i�j�b�_�f�u �j�Z�[�h�l�u�� �Z �g�_ �l�h�e�v�d�h 
�j�Z�g�_�_ �b�k�i�h�e�v�a�h�\�Z�g�g�u�_�� 

- �g�h�\�h�_ �a�Z�^�Z�g�b�_ �^�h�e�`�g�h �\�d�e�x�q�Z�l�v �\ �k�_�[�y 
�a�g�Z�g�b�y�� �i�h�e�m�q�_�g�g�u�_ �k�l�m�^�_�g�l�Z�f�b �i�j�b �\�u�i�h�e�g�_�g�b�b 
�i�j�_�^�u�^�m�s�_�]�h �a�Z�^�Z�g�b�y�� 

- �k�b�k�l�_�f�Z �a�Z�^�Z�g�b�c�� �\�o�h�^�y�s�Z�y �\ �h�^�b�g �b�a �w�l�Z�i�h�\ 
�i�j�h�p�_�k�k�Z �j�_�r�_�g�b�y �a�Z�^�Z�q�b�� �^�h�e�`�g�Z �h�j�b�_�g�l�b�j�h�\�Z�l�v�k�y 
�g�Z �b�g�^�b�\�b�^�m�Z�e�v�g�u�_ �h�k�h�[�_�g�g�h�k�l�b �j�Z�[�h�l�u �k�l�m�^�_�g�l�h�\�� 
�i�h�a�\�h�e�y�y �^�h�k�l�b�]�Z�l�v �b�k�i�h�e�v�a�h�\�Z�g�b�y �h�[�m�q�Z�x�s�b�f�b�k�y 
�h�i�l�b�f�Z�e�v�g�u�o �k�j�_�^�k�l�\ �^�e�y �j�_�r�_�g�b�y �i�h�k�l�Z�\�e�_�g�g�u�o 
�a�Z�^�Z�q�� 

�L�Z�d�b�f �h�[�j�Z�a�h�f�� �m�q�b�l�u�\�Z�y �\�u�r�_�b�a�e�h�`�_�g�g�h�_�� 
�i�j�_�^�e�Z�]�Z�_�l�k�y �i�h�k�l�j�h�b�l�v �h�[�m�q�_�g�b�_ �j�_�r�_�g�b�x 

�i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h-�i�j�Z�d�l�b�q�_�k�d�b�o �a�Z�^�Z�q �k �m�q�_�l�h�f 
�k�Z�f�h�k�l�h�y�l�_�e�v�g�h�]�h �\�u�[�h�j�Z �k�l�m�^�_�g�l�Z�f�b�� 

- �l�b�i�Z �a�Z�^�Z�q�b�� 
- �m�i�j�Z�`�g�_�g�b�c �i�j�b �h�k�\�h�_�g�b�b �d�Z�`�^�h�]�h �b�a 

�w�l�Z�i�h�\ �k�l�j�Z�l�_�]�b�b �j�_�r�_�g�b�y �a�Z�^�Z�q�� 
- �n�h�j�f�u �i�j�_�^�k�l�Z�\�e�_�g�b�y �k�i�h�k�h�[�Z �Z�g�Z�e�b�a�Z�� 

�i�h�b�k�d�Z �k�i�h�k�h�[�Z �j�_�r�_�g�b�y �b �h�n�h�j�f�e�_�g�b�_ �j�_�r�_�g�b�y 
�a�Z�^�Z�q�b ���i�j�b �w�l�h�f �i�j�_�i�h�^�Z�\�Z�l�_�e�_�f �i�j�_�^�e�Z�]�Z�_�l�k�y 
�k�l�m�^�_�g�l�Z�f �b�k�i�h�e�v�a�h�\�Z�l�v �b �k�j�Z�\�g�b�\�Z�l�v �j�Z�a�e�b�q�g�u�_ 
�n�h�j�f�u �a�Z�i�b�k�_�c���� 

- �k�l�_�i�_�g�b �l�\�h�j�q�_�k�d�h�c �^�_�y�l�_�e�v�g�h�k�l�b �i�j�b 
�j�_�r�_�g�b�b �a�Z�^�Z�q�b ���d�j�_�Z�l�b�\�g�u�c �b�e�b �j�_�i�j�h�^�m�d�l�b�\�g�u�c���� 

- �k�i�h�k�h�[�Z �i�h�b�k�d�Z �j�_�r�_�g�b�y �a�Z�^�Z�q�b�� 
- �b�a�m�q�_�g�b�y �l�h�e�v�d�h �k�h�\�j�_�f�_�g�g�u�o �f�_�l�h�^�h�\�� 

�l�Z�d�b�o �d�Z�d �Z�e�]�h�j�b�l�f�u �f�Z�r�b�g�g�h�]�h �h�[�m�q�_�g�b�y�� 
�l�_�o�g�h�e�h�]�b�b �h�[�j�Z�[�h�l�d�b �[�h�e�v�r�b�o �^�Z�g�g�u�o Hadoop, 
Spark �b �^�j���� �i�j�h�\�_�^�_�g�b�_ �q�b�k�e�_�g�g�u�o �w�d�k�i�_�j�b�f�_�g�l�h�\ �k 
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �k�h�\�j�_�f�_�g�g�u�o �i�j�h�]�j�Z�f�f�g�u�o �i�Z�d�_�l�h�\�� 
�g�Z�i�j�b�f�_�j�� MATLAB  �b Python, �b�k�i�h�e�v�a�h�\�Z�g�b�_ 
�h�[�e�Z�q�g�u�o �i�e�Z�l�n�h�j�f �^�e�y �o�j�Z�g�_�g�b�y �b �h�[�j�Z�[�h�l�d�b 
�^�Z�g�g�u�o�� �i�j �b�f�_�g�_�g�b�_ �k�l�Z�l�b�k�l�b�q�_�k�d�h�]�h �Z�g�Z�e�b�a�Z �^�e�y 
�i�j�h�\�_�j�d�b �]�b�i�h�l�_�a �h �\�a�Z�b�f�h�k�\�y�a�y�o �f�_�`�^�m 
�i�_�j�_�f�_�g�g�u�f�b �\ �[�h�e�v�r�b�o �g�Z�[�h�j�Z�o �^�Z�g�g�u�o�� �j�_�r�_�g�b�_ 
�a�Z�^�Z�q �h�i�l�b�f�b�a�Z�p�b�b �k �i�h�f�h�s�v�x �k�h�\�j�_�f�_�g�g�u�o �f�_�l�h�^�h�\ 
�g�_�e�b�g�_�c�g�h�]�h �i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y�� �]�_�g�_�l�b�q�_�k�d�b�o 
�Z�e�]�h�j�b�l�f�h�\ �b �^�j�m�]�b�o �i�_�j�_�^�h�\�u�o �i�h�^�o�h�^�h�\�� 
�i�h�k�l�j�h�_�g�b�_ �b�g�l�_�j�Z�d�l�b�\�g�u�o �]�j�Z�n�b�d�h�\ �b �^�b�Z�]�j�Z�f�f�� 
�d�h�l�h�j�u�_ �i�h�f�h�]�Z�x�l �e�m�q�r�_ �i�h�g�y�l�v �k�l�j�m�d�l�m�j�m �b 
�a�Z�d�h�g�h�f�_�j�g�h�k�l�b �^�Z�g�g�u�o �b �l���^�� �b�e�b �^�h�i�h�e�g�b�l�_�e�v�g�h 
�i�j�_�^�u�^�m�s�b�o �f�_�l�h�^�h�\ �j�_�r�_�g�b�y �i�h�k�l�Z�\�e�_�g�g�u�o �a�Z�^�Z�q�� 

- �h�n�h�j�f�e�_�g�b�y �k�i�h�k�h�[�Z �j�_�r�_�g�b�y �a�Z�^�Z�q�� 
- �k�i�h�k�h�[�Z �i�j�h�\�_�j�d�b �i�j�Z�\�b�e�v�g�h�k�l�b 

�g�Z�c�^�_�g�g�h�]�h �j�_�r�_�g�b�y�� �g�Z�i�j�Z�\�e�_�g�g�h�k�l�b �b �i�h�e�g�h�l�u 
�m�q�_�[�g�h-�i�h�a�g�Z�\�Z�l�_�e�v�g�h�]�h �w�l�Z�i�Z �j�_�r�_�g�b�y �a�Z�^�Z�q�b�� 

- �h�k�g�h�\�Z�g�b�y �^�e�y �k�h�a�^�Z�g�b�y �p�b�d�e�Z 
�\�a�Z�b�f�h�k�\�y�a�Z�g�g�u�o �a�Z�^�Z�q [5]. 

�J�_�Z�e�b�a�Z�p�b�y �d�h�f�i�_�l�_�g�l�g�h�k�l�g�h�c �k�l�j�Z�l�_�]�b�b 
�j�Z�a�\�b�l�b�y �f�Z�l�_�f�Z�l�b�q�_�k�d�h�]�h �h�[�j�Z�a�h�\�Z�g�b�y �[�m�^�m�s�_�]�h 
�m�q�_�g�h�]�h �i�h �^�Z�g�g�u�f �\ �\�m�a�_ �l�j�_�[�m�_�l �h�i�j�_�^�_�e�_�g�g�h�c 
�k�f�_�g�u �h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o �©�\�_�d�l�h�j�h�\�ª�� �h�l �h�[�m�q�_�g�b�y �d�Z�d 
�g�h�j�f�Z�l�b�\�g�h �i�h�k�l�j�h�_�g�g�h�]�h �i�j�h�p�_�k�k�Z�� �g�Z�i�j�Z�\�e�_�g�g�h�]�h 
�g�Z �h�\�e�Z�^�_�g�b�_ �a�g�Z�g�b�y�f�b�� �m�f�_�g�b�y�f�b �b �g�Z�\�u�d�Z�f�b�� �d 
�h�[�m�q�_�g�b�x �d�Z�d �d �^�_�y�l�_�e�v�g�h�k�l�b �k�l�m�^�_�g�l�h�\�� 
�g�Z�i�j�Z�\�e�_�g�g�h�c �g�Z �j�Z�a�\�b�l�b�_ �b�o �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�h-
�i�j�b�d�e�Z�^�g�h�c �f�Z�l�_�f�Z�l�b�q�_�k�d�h�c �d�h�f�i�_�l�_�g�l�g�h�k�l�b�� 
�^�h�k�l�b�]�Z�_�f�h�c �\ �j�_�a�m�e�v�l�Z�l�_ �m�q�_�[�g�h�c �^�_�y�l�_�e�v�g�h�k�l�b �i�j�b 
�h�\�e�Z�^�_�g�b�b �h�k�g�h�\�g�u�f�b �f�_�l�h�^�Z�f�b �j�_�r�_�g�b�y �a�Z�^�Z�q 
�Z�g�Z�e�b�a�Z �^�Z�g�g�u�o�� 

�H�k�h�[�_�g�g�h�k�l�b �h�[�m�q�_�g�b�y �h�k�g�h�\�Z�f �B�B 
�k�l�m�^�_�g�l�h�\ �g�_�f�Z�l�_�f�Z�l�b�q�_�k�d�b�o �k�i�_�p�b�Z�e�v�g�h�k�l�_�c 

�< �g�Z�k�l�h�y�s�_�_ �\�j�_�f�y �b�k�i�h�e�v�a�h�\�Z�g�b�_ �f�_�l�h�^�h�\ 
�B�B �\ �r�b�j�h�d�h�f �k�i�_�d�l�j�_ �g�Z�m�q�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�c �k�l�Z�e�h 
�m�`�_ �i�j�b�\�u�q�g�h�c �j�_�Z�e�v�g�h�k�l�v�x�� �W�n�n�_�d�l�b�\�g�h�_ 
�\�g�_�^�j�_�g�b�_ �l�_�o�g�h�e�h�]�b�c �B�B �± �w�l�h �a�Z�^�Z�q�Z�� �j�_�r�Z�_�f�Z�y 
�l�h�e�v�d�h �k�_�j�v�z�a�g�u�f�b �^�h�k�l�b�`�_�g�b�y�f�b �d�Z�d �\ 
�b�g�n�h�j�f�Z�l�b�d�_ �b �b�g�n�h�j�f�Z�p�b�h�g�g�u�o �l�_�o�g�h�e�h�]�b�y�o�� �\ 
�g�Z�m�d�_ �h �^�Z�g�g�u�o�� �\ �f�Z�r�b�g�g�h�f �h�[�m�q�_�g�b�b�� �l�Z�d �b �\ �b�g�u�o 
�h�[�e�Z�k�l�y�o �a�g�Z�g�b�y �± �\ �n�b�a�b�h�e�h�]�b�b �f�h�a�]�Z�� �i�k�b�o�h�e�h�]�b�b�� 
�w�l�b�d�_�� �n�b�e�h�k�h�n�b�b �b �i�j�Z�\�_�� 

�G�h �b �w�l�h �± �l�h�e�v�d�h �h�^�g�Z �k�l�h�j�h�g�Z �i�j�h�[�e�_�f�u�� 
�>�j�m�]�Z�y �`�_ �_�_ �k�l�h�j�h�g�Z �± �w�l�h �g�_�o�\�Z�l�d�Z �]�h�l�h�\�u�o 
�f�g�h�]�h�i�j�h�n�b�e�v�g�u�o �k�i�_�p�b�Z�e�b�k�l�h�\�� �Q�l�h�[�u �j�_�r�Z�l�v 
�a�Z�^�Z�q�b �i�h �j�Z�a�j�Z�[�h�l�d�_ �l�_�o�g�h�e�h�]�b�c �B�B�� �g�Z�i�j�b�f�_�j�� �\ 
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�f�_�^�b�p�b�g�k�d�h�c �k�n�_�j�_�� �b�g�n�h�j�f�Z�l�b�d�b �^�h�e�`�g�u 
�j�Z�a�[�b�j�Z�l�v�k�y �\ �n�b�a�b�h�e�h�]�b�b�� �Z �n�b�a�b�h�e�h�]�b �± �\ 
�b�g�n�h�j�f�Z�l�b�d�_�� �M�g�b�\�_�j�k�b�l�_�l�Z�f �k�e�_�^�m�_�l 
�k�h�\�_�j�r�_�g�k�l�\�h�\�Z�l�v �g�Z�m�q�g�h-�h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�_ 
�i�j�h�]�j�Z�f�f�u �l�Z�d�b�f �h�[�j�Z�a�h�f�� �q�l�h�[�u �k�l�m�^�_�g�l�u �i�h�e�m�q�Z�e�b 
�\�k�_ �g�_�h�[�o�h�^�b�f�u�_ �g�Z�\�u�d�b �b �a�g�Z�g�b�y �^�e�y �m�k�i�_�r�g�h�]�h 
�j�Z�a�\�b�l�b�y �k�\�h�_�c �d�Z�j�v�_�j�u �\ �\�u�[�j�Z�g�g�h�c �k�n�_�j�_�� �<�Z�`�g�h 
�l�Z�d�`�_ �\�h�\�e�_�d�Z�l�v �b�o �\ �j�Z�[�h�l�m �g�Z�^ �j�_�Z�e�v�g�u�f�b 
�i�j�h�_�d�l�Z�f�b�� �q�l�h �i�h�f�h�`�_�l �a�Z�d�j�_�i�b�l�v �l�_�h�j�_�l�b�q�_�k�d�b�_ 
�a�g�Z�g�b�y �g�Z �i�j�Z�d�l�b�d�_��  

�K�n�_�j�Z �B�B �k�Z�f�Z �i�h �k�_�[�_ �y�\�e�y�_�l�k�y 
�f�g�h�]�h�m�j�h�\�g�_�\�h�c�� �g�Z �d�Z�`�^�h�f �m�j�h�\�g�_ �j�_�r�Z�x�l�k�y 
�k�i�_�p�b�n�b�q�_�k�d�b�_ �a�Z�^�Z�q�b�� �I�h�w�l�h�f�m �b �i�h�^�]�h�l�h�\�d�Z 
�k�i�_�p�b�Z�e�b�k�l�h�\ �i�h �B�B �^�h�e�`�g�Z �[�u�l�v �\�u�^�_�e�_�g�Z �\ 
�k�Z�f�h�k�l�h�y�l�_�e�v�g�m�x �g�Z�m�q�g�h-�h�[�j�Z�a�h�\�Z�l�_�e�v�g�m�x �h�[�e�Z�k�l�v�� 
�\ �n�m�g�^�Z�f�_�g�l�_ �d�h�l�h�j�h�c �g�Z�o�h�^�b�l�k�y�� �i�j�_�`�^�_ �\�k�_�]�h�� 
�g�Z�m�d�Z �h �^�Z�g�g�u�o �g�Z�j�y�^�m �k �i�j�b�f�u�d�Z�x�s�b�f�b �h�[�e�Z�k�l�y�f�b 
�a�g�Z�g�b�c�� �J�_�Z�e�b�a�Z�p�b�y �w�l�h�c �b�^�_�b �\ �l�h�f �b�e�b �b�g�h�f �\�b�^�_ 
�h�k�m�s�_�k�l�\�e�y�_�l�k�y �\ �j�y�^�_ �\�_�^�m�s�b�o �m�g�b�\�_�j�k�b�l�_�l�h�\ �f�b�j�Z�� 
�F�u �\ �k�\�h�_�c �g�Z�m�q�g�h-�h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c �^�_�y�l�_�e�v�g�h�k�l�b 
�j�_�Z�e�b�a�m�_�f �k�f�_�g�m �i�Z�j�Z�^�b�]�f�u �\ �i�h�k�l�j�h�_�g�b�b 
�h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o �l�j�Z�_�d�l�h�j�b�c �[�m�^�m�s�b�o �k�i�_�p�b�Z�e�b�k�l�h�\ 
�\ �h�[�e�Z�k�l�b �B�B ���h�k�g�h�\�u �d�h�g�p�_�i�l�m�Z�e�v�g�h�]�h �i�h�^�o�h�^�Z 
�b�a�e�h�`�_�g�u �\ �j�Z�[�h�l�Z�o [6-8]). �L�Z�d�� �^�e�y �h�[�m�q�_�g�b�y 
�Z�g�Z�e�b�l�b�d�Z-�w�d�k�i�_�j�l�Z�� �g�_ �y�\�e�y�x�s�_�]�h�k�y IT-
�k�i�_�p�b�Z�e�b�k�l�h�f�� �j�Z�a�j�Z�[�Z�l�u�\�Z�_�l�k�y �i�j�h�]�j�Z�f�f�Z �p�_�e�_�\�h�]�h 
�h�a�g�Z�d�h�f�e�_�g�b�y �k �h�k�g�h�\�g�u�f�b �f�_�l�h�^�Z�f�b �b �f�h�^�_�e�y�f�b 
�h�[�j�Z�[�h�l�d�b �^�Z�g�g�u�o �\ �i�j�b�e�h�`�_�g�b�y�o �B�B�� 

�< �f�_�`�n�Z�d�m�e�v�l�_�l�k�d�h�f �d�m�j�k�_ �©�H�k�g�h�\�u 
�b�k�d�m�k�k�l�\�_�g�g�h�]�h �b�g�l�_�e�e�_�d�l�Z �\ �k�h�\�j�_�f�_�g�g�h�c �g�Z�m�d�_ �b 
�i�j �b�e�h�`�_�g�b�y�o�ª�� �\�u�e�h�`�_�g�g�h�f �g�Z �h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�f 
�i�h�j�l�Z�e�_ �©�H�l�d�j�u�l�h�_ �h�[�j�Z�a�h�\�Z�g�b�_�ª�� �j�Z�k�k�f�h�l�j�_�g�u 
�k�e�_�^�m�x�s�b�_ �l�_�f�u [9]: 

- �f�_�l�h�^�u �B�B �\ �g�Z�m�q�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�y�o�� 
�\�h�a�f�h�`�g�h�k�l�b �i�j�b�f�_�g�_�g�b�y �b �k�h�\�j�_�f�_�g�g�u�_ �l�_�g�^�_�g�p�b�b�� 

- �B�B �b �g�Z�m�d�Z �h �^�Z�g�g�u�o�� �;�h�e�v�r�b�_ �^�Z�g�g�u�_ �\ 
�k�h�\�j�_�f�_�g�g�h�f �f�b�j�_�� �g�h�\�u�_ �\�u�a�h�\�u�� �g�h�\�u�_ �a�Z�^�Z�q�b �b 
�g�h�\�u�_ �j�_�r�_�g�b�y�� 

- �f�Z�r�b�g�g�h�_ �h�[�m�q�_�g�b�_ �d�Z�d �h�^�g�h �b�a 
�\�Z�`�g�_�c�r�b�o �g�Z�i�j�Z�\�e�_�g�b�c �j�Z�a�\�b�l�b�y �l�_�o�g�h�e�h�]�b�c �B�B�� 
�H�k�g�h�\�g�u�_ �d�h�g�p�_�i�p�b�b �b �f�h�^�_�e�b�� 

- �f�Z�r�b�g�g�h�_ �h�[�m�q�_�g�b�_�� �f�_�l�h�^�u�� �Z�e�]�h�j�b�l�f�u �b 
�k�n�_�j�u �i�j�b�f�_�g�_�g�b�y ���j�Z�k�i�h�a�g�Z�\�Z�g�b�_ �b�a�h�[�j�Z�`�_�g�b�c�� 
�l�_�d�k�l�Z�� �j�_�q�b �b �^�j������ �I�e�x�k�u �b �f�b�g�m�k�u �f�_�l�h�^�h�\ 
�f�Z�r�b�g�g�h�]�h �h�[�m�q�_�g�b�y�� 

- �f�h�^�_�e�b �b �Z�e�]�h�j�b�l�f�u �B�B �\ �h�[�j�Z�[�h�l�d�_ 
�l�_�d�k�l�h�\�h�c �b�g�n�h�j�f�Z�p�b�b �\ �f�Z�k�r�l�Z�[�g�u�o �k�h�p�b�Z�e�v�g�u�o 
�g�Z�m�q�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�y�o �b �^�j�m�]�b�o �i�j�b�e�h�`�_�g�b�y�o�� 

- �h�k�g�h�\�g�u�_ �f�_�l�h�^�u �b �Z�e�]�h�j�b�l�f�u �h�[�j�Z�[�h�l�d�b 
�[�h�e�v�r�b�o �l�_�d�k�l�h�\�u�o �^�Z�g�g�u�o�� 

- �j�_�d�h�f�_�g�^�Z�l�_�e�v�g�u�_ �k�b�k�l�_�f�u �d�Z�d �i�j�b�f�_�j 
�l�_�o�g�h�e�h�]�b�c �B�B�� 

- �b�k�d�m�k�k�l�\�_�g�g�u�c �b�g�l�_�e�e�_�d�l �\ �j�_�r�_�g�b�b 
�i�j�Z�d�l�b�d�h-�h�j�b�_�g�l�b�j�h�\�Z�g�g�u�o �a�Z�^�Z�q�� �:�g�Z�e�b�a �q�Z�k�l�u�o 
�i�j�_�^�f�_�l�g�u�o �g�Z�[�h�j�h�\�� 

- �d�e�Z�k�l�_�j�b�a�Z�p�b�y �h�[�j�Z�[�Z�l�u�\�Z�_�f�u�o �^�Z�g�g�u�o �d�Z�d 
�n�m�g�^�Z�f�_�g�l�Z�e�v�g�Z�y �a�Z�^�Z�q�Z �g�Z�m�d�b �h �^�Z�g�g�u�o�� �H�k�g�h�\�g�u�_ 
�f�_�l�h�^�u�� 

- �B�B �\ �j�_�r�_�g�b�b �Z�d�l�m�Z�e�v�g�u�o �k�h�p�b�Z�e�v�g�u�o �b 
�w�d�h�g�h�f�b�q�_�k�d�b�o �i�j�h�[�e�_�f�� 

- �i�j�h�[�e�_�f�u �b�k�i�h�e�v�a�h�\�Z�g�b�y �B�B �\ �g�Z�m�q�g�h-
�h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c �k�n�_�j�_�� 

- �i�_�j�k�i�_�d�l�b�\�u �j�Z�a�\�b�l�b�y �b�k�i�h�e�v�a�h�\�Z�g�b�y �B�B �\ 
�g�Z�m�q�g�u�o �b�k�k�e�_�^�h�\�Z�g�b�y�o�� 

�I�j�b �\�u�[�h�j�_ �h�k�\�_�s�_�g�g�u�o �\ �d�m�j�k�_ �l�_�f 
�i�j�_�k�e�_�^�h�\�Z�e�b�k�v �k�e�_�^�m�x�s�b�_ �p�_�e�b�� 

�h�k�f�u�k�e�_�g�b�_ �k�l�Z�l�m�k�Z �b�g�n�h�j�f�Z�p�b�b �\ 
�k�h�\�j�_�f�_�g�g�h�f �h�[�s�_�k�l�\�_�� �i�h�g�b�f�Z�g�b�_ �a�g�Z�q�b�f�h�k�l�b 
�m�f�_�g�b�y �h�[�j�Z�[�Z�l�u�\�Z�l�v �b �Z�g�Z�e�b�a�b�j�h�\�Z�l�v �^�Z�g�g�u�_�� 

- �\�h�k�i�j�b�y�l�b�_ �g�Z�m�d�b �h �^�Z�g�g�u�o �d�Z�d 
�k�h�\�j�_�f�_�g�g�h�c �g�Z�m�d�b �h �i�j�_�^�k�l�Z�\�e�_�g�b�b �^�Z�g�g�u�o �b �b�o 
�Z�g�Z�e�b�a�_ �\�h �\�k�_�o �k�n�_�j�Z�o �^�_�y�l�_�e�v�g�h�k�l�b�� 

- �k�h�\�j�_�f�_�g�g�u�_ �f�_�l�h�^�u �h�[�j�Z�[�h�l�d�b �^�Z�g�g�u�o�� 
�H�k�g�h�\�g�u�_ �f�Z�l�_�f�Z�l�b�q�_�k�d�b�_ �f�h�^�_�e�b�� �J�Z�k�p�\�_�l 
�i�j�b�e�h�`�_�g�b�c �B�B �\ �]�m�f�Z�g�b�l�Z�j�g�u�o �h�[�e�Z�k�l�y�o�� 

- �f�Z�r�b�g�g�h�_ �h�[�m�q�_�g�b�_ �d�Z�d �h�k�g�h�\�g�h�c�� �g�h �g�_ 
�_�^�b�g�k�l�\�_�g�g�u�c �l�j�_�g�^ �\ �f�_�l�h�^�Z�o �B�B�� 

- �h�k�g�h�\�g�u�_ �a�Z�^�Z�q�b �B�B�� �j�Z�k�i�h�a�g�Z�\�Z�g�b�_ 
�b�a�h�[�j�Z�`�_�g�b�c�� �l�_�d�k�l�Z�� �q�_�e�h�\�_�q�_�k�d�h�c �j�_�q�b �b �^�j���� 

- �h�k�g�h�\�g�u�_ �g�Z�i�j�Z�\�e�_�g�b�y �i�j�b�f�_�g�_�g�b�y 
�f�_�l�h�^�h�\ �b�g�l�_�e�e�_�d�l�m�Z�e�v�g�h�]�h �Z�g�Z�e�b�a�Z �^�Z�g�g�u�o ���a�Z�^�Z�q�b 
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�a�Z�\�_�^�_�g�b�c�� �I�j�_�i�h�^�Z�\�Z�l�_�e�b �^�h�e�`�g�u �g�Z�o�h�^�b�l�v 
�d�h�f�i�j�h�f�b�k�k�g�u�_ �j�_�r�_�g�b�y�� �b�k�i�h�e�v�a�h�\�Z�g�b�_ �k�b�f�m�e�y�p�b�c�� 
�m�i�j�h�s�_�g�g�u�o �f�h�^�_�e�_�c �b�e�b �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�u�o 
�i�e�Z�l�n�h�j�f��  

�D�m�j�k�u�� �i�j�_�^�m�k�f�Z�l�j�b�\�Z�x�s�b�_ �Z�^�Z�i�l�b�\�g�h�_ 
�h�[�m�q�_�g�b�_�� �]�b�[�d�m�x �k�b�k�l�_�f�m �h�p�_�g�d�b �b �b�g�^�b�\�b�^�m�Z�e�v�g�u�_ 
�i�j�h�_�d�l�u�� �^�Z�x�l �k�l�m�^�_�g�l�Z�f �\�h�a�f�h�`�g�h�k�l�v 
�k�h�k�j�_�^�h�l�Z�q�b�\�Z�l�v�k�y �g�Z �h�[�e�Z�k�l�y�o�� �i�j�_�^�k�l�Z�\�e�y�x�s�b�o �^�e�y 
�g�b�o �g�Z�b�[�h�e�v�r�b�c �b�g�l�_�j�_�k�� �I�j�h�_�d�l�g�Z�y �b 
�b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�Z�y �j�Z�[�h�l�u �\ �w�l�h�f �k�e�m�q�Z�_ �k�l�Z�g�h�\�y�l�k�y 
�g�_�h�l�t�_�f�e�_�f�u�f�b �q�Z�k�l�y�f�b �m�q�_�[�g�h�]�h �i�j�h�p�_�k�k�Z�� �l�Z�d �d�Z�d 
�h�g�b �j�Z�a�\�b�\�Z�x�l �m �k�l�m�^�_�g�l�h�\ �d�j�b�l�b�q�_�k�d�h�_ �f�u�r�e�_�g�b�_�� 
�m�f�_�g�b�_ �w�d�k�i�_�j�b�f�_�g�l�b�j�h�\�Z�l�v �b �k�Z�f�h�k�l�h�y�l�_�e�v�g�h 
�g�Z�o�h�^�b�l�v �j�_�r�_�g�b�y��  

�< �k�h�\�h�d�m�i�g�h�k�l�b�� �i�_�^�Z�]�h�]�b�q�_�k�d�b�_ �a�Z�^�Z�q�b 
�h�[�m�q�_�g�b�y �i�j�h�_�d�l�b�j�h�\�Z�g�b�x �b �j�Z�a�j�Z�[�h�l�d�_ �g�_�c�j�h�g�g�u�o 
�k�_�l�_�c �\�d�e�x�q�Z�x�l �g�_�h�[�o�h�^�b�f�h�k�l�v �[�Z�e�Z�g�k�b�j�h�\�Z�g�b�y 
�f�_�`�^�m �l�_�h�j�_�l�b�q�_�k�d�h�c �k�e�h�`�g�h�k�l�v�x �i�j�_�^�f�_�l�Z�� 
�h�]�j�Z�g�b�q�_�g�g�h�k�l�v�x �j�_�k�m�j�k�h�\ �b �j�Z�a�g�h�j�h�^�g�h�k�l�v�x 
�k�l�m�^�_�g�q�_�k�d�b�o �a�g�Z�g�b�c�� �W�n�n�_�d�l�b�\�g�h�_ �h�[�m�q�_�g�b�_ 
�l�j�_�[�m�_�l �k�b�k�l�_�f�g�h�]�h �i�h�^�o�h�^�Z�� �i�h�k�e�_�^�h�\�Z�l�_�e�v�g�h�_ 
�\�\�_�^�_�g�b�_ �f�Z�l�_�j�b�Z�e�Z�� �b�k�i�h�e�v�a�h�\�Z�g�b�_ �f�h�^�m�e�v�g�h�]�h 
�i�h�^�o�h�^�Z �b �Z�^�Z�i�l�Z�p�b�y �d�m�j�k�h�\�u�o �f�Z�l�_�j�b�Z�e�h�\ 
�i�h�a�\�h�e�y�x�l �h�[�_�k�i�_�q�b�l�v �k�l�j�m�d�l�m�j�b�j�h�\�Z�g�g�u�c �b 
�p�_�e�_�g�Z�i�j�Z�\�e�_�g�g�u�c �i�j�h�p�_�k�k �h�k�\�h�_�g�b�y �h�k�g�h�\�� �Z 
�]�b�[�d�h�k�l�v �\ �i�h�^�o�h�^�Z�o �b �b�g�^�b�\�b�^�m�Z�e�b�a�Z�p�b�y �m�q�_�[�g�h�]�h 
�i�j�h�p�_�k�k�Z �k�i�h�k�h�[�k�l�\�m�x�l �e�m�q�r�_�f�m �m�k�\�h�_�g�b�x �a�g�Z�g�b�c�� 

�<�b�a�m�Z�e�v�g�u�_ �b �b�g�l�_�j�Z�d�l�b�\�g�u�_ �f�_�l�h�^�u 
�i�j�h�_�d�l�b�j�h�\�Z�g�b�y �b �j�Z�a�j�Z�[�h�l�d�b �g�_�c�j�h�g�g�u�o �k�_�l�_�c�� 
�g�h�\�b�a�g�Z �b �w�n�n�_�d�l�b�\�g�h�k�l�v 

�>�e�y �h�[�_�k�i�_�q�_�g�b�y �]�e�m�[�h�d�h�]�h �i�h�g�b�f�Z�g�b�y 
�i�j�b�g�p�b�i�h�\ �j�Z�[�h�l�u �g�_�c�j�h�k�_�l�_�c �p�_�e�_�k�h�h�[�j�Z�a�g�h 
�i�j�b�f�_�g�y�l�v �g�_ �l�h�e�v�d�h �d�e�Z�k�k�b�q�_�k�d�b�_ �f�_�l�h�^�u �h�[�m�q�_�g�b�y�� 
�g�h �b �k�h�\�j�_�f�_�g�g�u�_ �\�b�a�m�Z�e�v�g�u�_ �b �b�g�l�_�j�Z�d�l�b�\�g�u�_ 
�k�j�_�^�k�l�\�Z�� �L�Z�d�h�c �i�h�^�o�h�^ �i�h�f�h�`�_�l �i�j�_�h�^�h�e�_�l�v �\�u�a�h�\�u�� 
�k�\�y�a�Z�g�g�u�_ �k�h �k�e�h�`�g�h�k�l�v�x �i�j�_�^�f�_�l�Z�� �j�Z�a�g�u�f �m�j�h�\�g�_�f 
�i�h�^�]�h�l�h�\�d�b �k�l�m�^�_�g�l�h�\ �b �h�]�j�Z�g�b�q�_�g�g�h�k�l�v�x �j�_�k�m�j�k�h�\�� 
�<�b�a�m�Z�e�b�a�Z�p�b�y �d�e�x�q�_�\�u�o �i�j�h�p�_�k�k�h�\�� �l�Z�d�b�o �d�Z�d 
�h�[�m�q�_�g�b�_ �b �g�Z�k�l�j�h�c�d�Z�� �Z �l�Z�d�`�_ �g�Z�[�e�x�^�_�g�b�_ �a�Z 
�b�a�f�_�g�_�g�b�y�f�b �\ �f�h�^�_�e�b �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l 
�]�b�i�_�j�i�Z�j�Z�f�_�l�j�h�\ �^�Z�x�l �\�h�a�f�h�`�g�h�k�l�v �Z�g�Z�e�b�a�b�j�h�\�Z�l�v �b 
�h�k�h�a�g�Z�\�Z�l�v �k�\�y�a�v �f�_�`�^�m �l�_�h�j�b�_�c �b �i�j�Z�d�l�b�d�h�c�� 
�B�g�l�_�j�Z�d�l�b�\�g�u�_ �b�g�k�l�j�m�f�_�g�l�u �b�]�j�Z�x�l �a�^�_�k�v �h�k�h�[�m�x 
�j�h�e�v�� �i�h�k�d�h�e�v�d�m �h�g�b �i�h�a�\�h�e�y�x�l �k�l�m�^�_�g�l�Z�f �g�Z�]�e�y�^�g�h 
�m�\�b�^�_�l�v�� �d�Z�d �f�_�g�y�x�l�k�y �j�_�a�m�e�v�l�Z�l�u �j�Z�[�h�l�u �g�_�c�j�h�k�_�l�b 

�i�j�b �b�a�f�_�g�_�g�b�b �j�Z�a�e�b�q�g�u�o �Z�k�i�_�d�l�h�\�� �q�l�h �k�m�s�_�k�l�\�_�g�g�h 
�h�[�e�_�]�q�Z�_�l �m�k�\�h�_�g�b�_ �k�e�h�`�g�u�o �i�h�g�y�l�b�c�� 

�J�Z�k�k�f�h�l�j�b�f �i�j�b�f�_�j�u �h�l�^�_�e�v�g�u�o 
�l�_�o�g�b�q�_�k�d�b�o �k�j�_�^�k�l�\�� �d�h�l�h�j�u�_ �f�h�]�m�l �[�u�l�v 
�i�j�b�f�_�g�_�g�u �\ �h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�f �i�j�h�p�_�k�k�_�� �H�l�^�_�e�v�g�h 
�h�k�l�Z�g�h�\�b�f�k�y �g�Z �i�j�_�b�f�m�s�_�k�l�\�Z�o �b�k�i�h�e�v�a�h�\�Z�g�b�y 
�d�Z�`�^�h�]�h�� 

TensorFlow Playground:  �<�b�a�m�Z�e�b�a�Z�p�b�y 
�\�g�m�l�j�_�g�g�b�o �Z�e�]�h�j�b�l�f�h�\ �f�h�^�_�e�_�c �g�_�c�j�h�k�_�l�_�c 

TensorFlow Playground �i�j�_�^�k�l�Z�\�e�y�_�l �k�h�[�h�c 
�k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�_ �\�_�[-�i�j�b�e�h�`�_�g�b�_ �^�e�y 
�\�b�a�m�Z�e�b�a�Z�p�b�b �b �Z�g�Z�e�b�a�Z �j�Z�[�h�l�u �g�_�c�j�h�g�g�u�o �k�_�l�_�c�� �?�]�h 
�n�m�g�d�p�b�h�g�Z�e�v�g�h�k�l�v �i�h�a�\�h�e�y�_�l �g�_ �l�h�e�v�d�h �g�Z�[�e�x�^�Z�l�v �a�Z 
�^�b�g�Z�f�b�d�h�c �i�j�h�p�_�k�k�Z �h�[�m�q�_�g�b�y�� �g�h �b 
�w�d�k�i�_�j�b�f�_�g�l�b�j�h�\�Z�l�v �k �Z�j�o�b�l�_�d�l�m�j�h�c �b 
�]�b�i�_�j�i�Z�j�Z�f�_�l�j�Z�f�b �f�h�^�_�e�b�� �q�l�h �^�_�e�Z�_�l �_�]�h �i�h�e�_�a�g�u�f 
�k�j�_�^�k�l�\�h�f �^�e�y �h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o �p�_�e�_�c �b �g�Z�q�Z�e�v�g�h�]�h 
�i�h�]�j�m�`�_�g�b�y �\ �j�Z�[�h�l�m �k �i�j�h�_�d�l�b�j�h�\�Z�g�b�_�f �g�_�c�j�h�k�_�l�_�c�� 

�B�g�l�_�j�n�_�c�k TensorFlow Playground 
�^�_�f�h�g�k�l�j�b�j�m�_�l �k�l�j�m�d�l�m�j�g�u�_ �b �i�Z�j�Z�f�_�l�j�b�q�_�k�d�b�_ 
�g�Z�k�l�j�h�c�d�b �g�_�c�j�h�g�g�u�o �k�_�l�_�c�� �Z �l�Z�d�`�_ �b�o �\�e�b�y�g�b�_ �g�Z 
�d�Z�q�_�k�l�\�h �j�_�r�_�g�b�y �i�h�k�l�Z�\�e�_�g�g�u�o �a�Z�^�Z�q��  

�I�h�e�v�a�h�\�Z�l�_�e�v �b�f�_�_�l �\�h�a�f�h�`�g�h�k�l�v �\�u�[�b�j�Z�l�v 
�b�a �j�y�^�Z �i�j�_�^�h�i�j�_�^�_�e�z�g�g�u�o �g�Z�[�h�j�h�\ �^�Z�g�g�u�o 
���g�Z�i�j�b�f�_�j�� �d�h�g�p�_�g�l�j�b�q�_�k�d�b�_ �h�d�j�m�`�g�h�k�l�b�� �k�i�b�j�Z�e�b �b 
�e�b�g�_�c�g�h �j�Z�a�^�_�e�y�_�f�u�_ �d�e�Z�k�l�_�j�u���� �H�g�b �\�Z�j�v�b�j�m�x�l�k�y 
�i�h �k�e�h�`�g�h�k�l�b�� �i�h�a�\�h�e�y�y �Z�g�Z�e�b�a�b�j�h�\�Z�l�v�� �d�Z�d 
�j�Z�a�e�b�q�g�u�_ �Z�j�o�b�l�_�d�l�m�j�u �k�_�l�b �Z�^�Z�i�l�b�j�m�x�l�k�y �d 
�j�Z�a�e�b�q�g�u�f �k�l�j�m�d�l�m�j�Z�f �^�Z�g�g�u�o��  

�B�g�l�_�j�n�_�c�k �i�j�_�^�k�l�Z�\�e�y�_�l �\�h�a�f�h�`�g�h�k�l�v 
�i�h�e�v�a�h�\�Z�l�_�e�x �d�h�g�n�b�]�m�j�b�j�h�\�Z�l�v �Z�j�o�b�l�_�d�l�m�j�m �k�_�l�b 
���j�b�k�m�g�h�d 1), �b�a�f�_�g�y�y �d�h�e�b�q�_�k�l�\�h �k�d�j�u�l�u�o �k�e�h�_�\ �b 
�d�h�e�b�q�_�k�l�\�h �g�_�c�j�h�g�h�\ �\ �d�Z�`�^�h�f�� �L�Z�d�h�_ 
�w�d�k�i�_�j�b�f�_�g�l�b�j�h�\�Z�g�b�_ �i�h�a�\�h�e�y�_�l �h�p�_�g�b�l�v�� �d�Z�d 
�]�e�m�[�b�g�Z �b �r�b�j�b�g�Z �f�h�^�_�e�b �\�e�b�y�x�l �g�Z �_�_ �k�i�h�k�h�[�g�h�k�l�v 
�d �h�[�h�[�s�_�g�b�x �^�Z�g�g�u�o�� �G�Z�i�j�b�f�_�j�� �[�h�e�_�_ �]�e�m�[�h�d�b�_ 
�k�_�l�b �q�Z�k�l�h �f�h�]�m�l �f�h�^�_�e�b�j�h�\�Z�l�v �[�h�e�_�_ �k�e�h�`�g�u�_ 
�a�Z�\�b�k�b�f�h�k�l�b�� �h�^�g�Z�d�h �w�l�h �k�h�i�j�h�\�h�`�^�Z�_�l�k�y �j�b�k�d�h�f 
�i�_�j�_�h�[�m�q�_�g�b�y�� �<�h�a�f�h�`�g�h�k�l�v �\�b�a�m�Z�e�b�a�Z�p�b�b �w�l�b�o 
�w�n�n�_�d�l�h�\ �\ �j�_�Z�e�v�g�h�f �\�j�_�f�_�g�b �i�h�a�\�h�e�y�_�l �]�e�m�[�`�_ 
�i�h�g�y�l�v �j�h�e�v �Z�j�o�b�l�_�d�l�m�j�u �\ �j�Z�[�h�l�_ �g�_�c�j�h�g�g�u�o �k�_�l�_�c�� 

TensorFlow Playground �i�h�^�^�_�j�`�b�\�Z�_�l 
�g�Z�k�l�j�h�c�d�m �n�m�g�d�p�b�c �Z�d�l�b�\�Z�p�b�b�� �l�Z�d�b�o �d�Z�d ReLU, 
�k�b�]�f�h�b�^�Z �b �]�b�i�_�j�[�h�e�b�q�_�k�d�b�c �l�Z�g�]�_�g�k�� �J�Z�a�g�u�_ 
�n�m�g�d�p�b�b �Z�d�l�b�\�Z�p�b�b �h�[�e�Z�^�Z�x�l �j�Z�a�e�b�q�g�u�f�b 
�k�\�h�c�k�l�\�Z�f�b�� �\�e�b�y�x�s�b�f�b �g�Z �k�o�h�^�b�f�h�k�l�v �b 
�h�[�m�q�Z�_�f�h�k�l�v �k�_�l�b�� �G�Z�[�e�x�^�_�g�b�_ �a�Z �\�e�b�y�g�b�_�f �b�o �h�l 
�l�b�i�Z �^�Z�g�g�u�o �i�h�a�\�h�e�y�_�l �n�h�j�f�b�j�h�\�Z�l�v �i�j�_�^�k�l�Z�\�e�_�g�b�_ 
�h �l�h�f�� �d�Z�d�b�_ �i�h�^�o�h�^�u �e�m�q�r�_ �j�Z�[�h�l�Z�x�l �\ �l�_�o �b�e�b �b�g�u�o 
�m�k�e�h�\�b�y�o�� 

�B�g�k�l�j�m�f�_�g�l �i�j�_�^�h�k�l�Z�\�e�y�_�l �i�h�e�v�a�h�\�Z�l�_�e�x 
�\�h�a�f�h�`�g�h�k�l�v �m�i�j�Z�\�e�y�l�v �k�d�h�j�h�k�l�v�x �h�[�m�q�_�g�b�y 
(learning rate), �Z �l�Z�d�`�_ �\�u�[�b�j�Z�l�v �Z�e�]�h�j�b�l�f�u 
�h�i�l�b�f�b�a�Z�p�b�b ���g�Z�i�j�b�f�_�j�� �k�l�h�o�Z�k�l�b�q�_�k�d�b�c 
�]�j�Z�^�b�_�g�l�g�u�c �k�i�m�k�d (SGD) �b Adam).  

TensorFlow Playground �i�h�^�^�_�j�`�b�\�Z�_�l 
�g�Z�k�l�j�h�c�d�b �^�e�y �j�_�]�m�e�y�j�b�a�Z�p�b�b�� �l�Z�d�b�_ �d�Z�d L2-
�j�_�]�m�e�y�j�b�a�Z�p�b�y �b Dropout, �q�l�h �i�h�a�\�h�e�y�_�l �b�k�k�e�_�^�h�\�Z�l�v 
�f�_�l�h�^�u �[�h�j�v�[�u �k �i�_�j�_�h�[�m�q�_�g�b�_�f�� �I�m�l�_�f �b�a�f�_�g�_�g�b�y 
�d�h�w�n�n�b�p�b�_�g�l�Z �j�_�]�m�e�y�j�b�a�Z�p�b�b �b �i�j�b�f�_�g�_�g�b�y 
�j�Z�a�e�b�q�g�u�o �f�_�l�h�^�h�\�� �f�h�`�g�h �g�Z�]�e�y�^�g�h 
�i�j�h�^�_�f�h�g�k�l�j�b�j�h�\�Z�l�v�� �d�Z�d �h�g�Z �i�h�f�h�]�Z�_�l �b�a�[�_�`�Z�l�v 
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�i�_�j�_�h�[�m�q�_�g�b�y�� �q�l�h �h�k�h�[�_�g�g�h �p�_�g�g�h �i�j�b �b�a�m�q�_�g�b�b 
�k�e�h�`�g�u�o �f�h�^�_�e�_�c. 

�I�j�_�b�f�m�s�_�k�l�\�Z �b�k�i�h�e�v�a�h�\�Z�g�b�y TensorFlow 
Playground �\ �m�q�_�[�g�h�c �^�_�y�l�_�e�v�g�h�k�l�b�� 

1. �N�h�j�f�b�j�h�\�Z�g�b�_ �b�g�l�m�b�l�b�\�g�h�]�h �i�h�g�b�f�Z�g�b�y 
�g�_�c�j�h�g�g�u�o �k�_�l�_�c�� �<�b�a�m�Z�e�b�a�Z�p�b�y �k�i�h�k�h�[�k�l�\�m�_�l 
�h�k�f�u�k�e�_�g�g�h�f�m �\�h�k�i�j�b�y�l�b�x �d�h�g�p�_�i�p�b�c�� �^�_�e�Z�y 
�h�[�m�q�_�g�b�_ �[�h�e�_�_ �w�n�n�_�d�l�b�\�g�u�f �b �i�h�f�h�]�Z�y �k�l�m�^�_�g�l�Z�f 
�m�k�\�h�b�l�v �Z�[�k�l�j�Z�d�l�g�u�_ �i�h�g�y�l�b�y�� 

2. �J�Z�a�\�b�l�b�_ �g�Z�\�u�d�h�\ �w�d�k�i�_�j�b�f�_�g�l�b�j�h�\�Z�g�b�y �b 
�Z�g�Z�e�b�a�Z�� Playground �i�j�_�^�h�k�l�Z�\�e�y�_�l �\�h�a�f�h�`�g�h�k�l�v 

�\�Z�j�v�b�j�h�\�Z�l�v �f�g�h�`�_�k�l�\�h �i�Z�j�Z�f�_�l�j�h�\�� �j�Z�a�\�b�\�Z�y �g�Z�\�u�d�b 
�]�b�i�h�l�_�a�b�j�h�\�Z�g�b�y�� �Z�g�Z�e�b�a�Z �b �w�d�k�i�_�j�b�f�_�g�l�Z�e�v�g�h�]�h 
�i�h�^�o�h�^�Z �d �b�a�m�q�_�g�b�x �f�h�^�_�e�_�c�� 

3. �H�k�\�h�_�g�b�_ �i�j�b�g�p�b�i�h�\ �j�Z�[�h�l�u �g�_�c�j�h�k�_�l�_�c �k 
�i�h�k�l�_�i�_�g�g�u�f �m�\�_�e�b�q�_�g�b�_�f �k�e�h�`�g�h�k�l�b�� �B�g�k�l�j�m�f�_�g�l 
�i�h�a�\�h�e�y�_�l �g�Z �i�j�Z�d�l�b�d�_ �m�\�b�^�_�l�v�� �d�Z�d �i�j�h�k�l�u�_ 
�b�a�f�_�g�_�g�b�y �\ �i�Z�j�Z�f�_�l�j�Z�o �k�_�l�b �f�h�]�m�l �i�j�b�\�_�k�l�b �d 
�a�g�Z�q�b�l�_�e�v�g�u�f �b�a�f�_�g�_�g�b�y�f �\ �_�z �i�h�\�_�^�_�g�b�b�� �q�l�h 
�k�i�h�k�h�[�k�l�\�m�_�l �]�e�m�[�h�d�h�f�m �h�k�f�u�k�e�_�g�b�x �l�_�h�j�_�l�b�q�_�k�d�b�o 
�d�h�g�p�_�i�p�b�c �b �b�o �i�j�Z�d�l�b�q�_�k�d�h�]�h �i�j�b�f�_�g�_�g�b�y�� 

 
�J�b�k�m�g�h�d 1 �± �B�g�l�_�j�n�_�c�k TensorFlow Playground 

Jupyter Notebooks �b Google Colab: 
�B�g�l�_�j�Z�d�l�b�\�g�h�_ �h�[�m�q�_�g�b�_ �q�_�j�_�a �d�h�^�� �H�[�e�Z�q�g�u�_ 
�\�u�q�b�k�e�_�g�b�y 

Jupyter Notebooks �± �w�l�h �h�^�g�Z �b�a �g�Z�b�[�h�e�_�_ 
�j�Z�k�i�j�h�k�l�j�Z�g�z�g�g�u�o �b�g�l�_�j�Z�d�l�b�\�g�u�o �k�j�_�^ �^�e�y 
�i�j�h�]�j�Z�f�f�b�j�h�\�Z�g�b�y �g�Z Python, �d�h�l�h�j�Z�y �Z�d�l�b�\�g�h 
�b�k�i�h�e�v�a�m�_�l�k�y �\ �h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o �i�j�h�]�j�Z�f�f�Z�o �^�e�y 

�h�[�m�q�_�g�b�y �g�_�c�j�h�k�_�l�y�f�� �H�k�h�[�_�g�g�h�k�l�v�x Jupyter 
Notebooks �y�\�e�y�_�l�k�y �b�g�l�_�]�j�Z�p�b�y �k �[�b�[�e�b�h�l�_�d�Z�f�b 
TensorFlow �b Keras, �q�l�h �i�h�a�\�h�e�y�_�l �i�h�e�v�a�h�\�Z�l�_�e�y�f 
�j�Z�a�j�Z�[�Z�l�u�\�Z�l�v�� �h�[�m�q�Z�l�v �b �l�_�k�l�b�j�h�\�Z�l�v �B�B �f�h�^�_�e�b �\ 
�h�^�g�h�f �^�h�d�m�f�_�g�l�_�� �h�[�t�_�^�b�g�y�y �d�h�^ �b �l�_�h�j�_�l�b�q�_�k�d�b�_ 
�i�h�y�k�g�_�g�b�y ���j�b�k�m�g�h�d 2). 

 
�J�b�k�m�g�h�d 2 �± �B�g�l�_�j�n�_�c�k JupyterLite 

�H�^�g�b�f �b�a �d�e�x�q�_�\�u�o �i�j�_�b�f�m�s�_�k�l�\ Jupyter 
Notebooks �y�\�e�y�_�l�k�y �\�h�a�f�h�`�g�h�k�l�v �i�h�r�Z�]�h�\�h�]�h 
�b�k�i�h�e�g�_�g�b�y �d�h�^�Z �k �g�_�f�_�^�e�_�g�g�u�f �h�l�h�[�j�Z�`�_�g�b�_�f 
�j�_�a�m�e�v�l�Z�l�h�\�� �W�l�h �i�h�a�\�h�e�y�_�l �b�a�f�_�g�y�l�v �i�Z�j�Z�f�_�l�j�u �b 
�g�Z�[�e�x�^�Z�l�v �a�Z �w�n�n�_�d�l�h�f �\ �j�_�Z�e�v�g�h�f �\�j�_�f�_�g�b�� �L�Z�d�h�c 
�i�h�^�o�h�^ �k�i�h�k�h�[�k�l�\�m�_�l �n�h�j�f�b�j�h�\�Z�g�b�x �b�g�l�m�b�l�b�\�g�h�]�h 

�i�h�g�b�f�Z�g�b�y �i�h�\�_�^�_�g�b�y �Z�e�]�h�j�b�l�f�h�\ �b �w�n�n�_�d�l�b�\�g�h�k�l�b 
�f�_�l�h�^�h�\�� �i�h�\�u�r�Z�y �m�q�_�[�g�m�x �p�_�g�g�h�k�l�v �i�j�Z�d�l�b�q�_�k�d�b�o 
�a�Z�g�y�l�b�c�� 

Jupyter Notebooks �i�h�a�\�h�e�y�_�l 
�k�l�j�m�d�l�m�j�b�j�h�\�Z�l�v �h�[�m�q�_�g�b�_ �f�h�^�_�e�b �g�_�c�j�h�k�_�l�b �\ �\�b�^�_ 
�h�l�^�_�e�v�g�u�o �y�q�_�_�d �k �d�h�^�h�f�� �l�_�d�k�l�h�f �b �\�b�a�m�Z�e�b�a�Z�p�b�y�f�b�� 
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�d�h�l�h�j�u�_ �h�j�]�Z�g�b�a�m�x�l �i�j�h�p�_�k�k �\ �\�b�^�_ �r�Z�]�h�\ �± �h�l 
�l�_�h�j�_�l�b�q�_�k�d�h�]�h �h�[�t�y�k�g�_�g�b�y �^�h �i�j�Z�d�l�b�q�_�k�d�h�c 
�j�_�Z�e�b�a�Z�p�b�b�� �D�Z�`�^�Z�y �y�q�_�c�d�Z �f�h�`�_�l �k�h�^�_�j�`�Z�l�v 
�d�j�Z�l�d�b�c �h�[�a�h�j�� �i�h�y�k�g�y�x�s�b�c�� �g�Z�i�j�b�f�_�j�� �l�Z�d�b�_ 
�d�h�g�p�_�i�p�b�b�� �d�Z�d �Z�j�o�b�l�_�d�l�m�j�Z �g�_�c�j�h�g�g�u�o �k�_�l�_�c�� 
�h�i�l�b�f�b�a�Z�p�b�y�� �n�m�g�d�p�b�b �Z�d�l�b�\�Z�p�b�b �b �f�_�l�j�b�d�b �h�p�_�g�d�b��  

�B�g�l�_�]�j�Z�p�b�y �k �[�b�[�e�b�h�l�_�d�Z�f�b �\�b�a�m�Z�e�b�a�Z�p�b�b�� 
�l�Z�d�b�f�b �d�Z�d Matplotlib �b Seaborn, �i�h�a�\�h�e�y�_�l �e�_�]�d�h 
�k�h�a�^�Z�\�Z�l�v �]�j�Z�n�b�d�b�� �^�b�Z�]�j�Z�f�f�u �b �\�b�a�m�Z�e�b�a�Z�p�b�b 
�^�Z�g�g�u�o �b �f�_�l�j�b�d �f�h�^�_�e�b�� �K�l�m�^�_�g�l�u �f�h�]�m�l 
�b�k�k�e�_�^�h�\�Z�l�v �^�Z�g�g�u�_�� �b�a�m�q�Z�l�v �j�Z�k�i�j�_�^�_�e�_�g�b�_ 
�i�j�b�a�g�Z�d�h�\ �b �a�Z�\�b�k�b�f�h�k�l�b�� �Z �l�Z�d�`�_ �g�Z�[�e�x�^�Z�l�v �a�Z 
�^�b�g�Z�f�b�d�h�c �i�h�l�_�j�v �b �l�h�q�g�h�k�l�v�x �\�h �\�j�_�f�y �h�[�m�q�_�g�b�y 
�g�_�c�j�h�k�_�l�b��  

Google Colab �± �w�l�h �h�[�e�Z�q�g�u�c �k�_�j�\�b�k�� 
�d�h�l�h�j�u�c �i�h�a�\�h�e�y�_�l �k�l�m�^�_�g�l�Z�f �h�[�m�q�Z�l�v �k�e�h�`�g�u�_ 
�g�_�c�j�h�k�_�l�b �g�Z �f�h�s�g�u�o �\�u�q�b�k�e�b�l�_�e�v�g�u�o �j�_�k�m�j�k�Z�o �k 
�b�k�i�h�e�v�a�h�\�Z�g�b�_�f �]�j�Z�n�b�q�_�k�d�b�o �i�j�h�p�_�k�k�h�j�h�\ (GPU) �b 
�l�_�g�a�h�j�g�u�o �i�j�h�p�_�k�k�h�j�h�\ (TPU). Google Colab 
�i�j�_�^�e�Z�]�Z�_�l �h�[�e�Z�q�g�h�_ �h�d�j�m�`�_�g�b�_�� �]�^�_ �f�h�`�g�h 
�k�h�a�^�Z�\�Z�l�v�� �a�Z�i�m�k�d�Z�l�v �b �^�_�e�b�l�v�k�y Jupyter Notebook �[�_�a 
�g�_�h�[�o�h�^�b�f�h�k�l�b �m�k�l�Z�g�Z�\�e�b�\�Z�l�v �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�_ 
�i�j�h�]�j�Z�f�f�g�h�_ �h�[�_�k�i�_�q�_�g�b�_ �b�e�b �i�j�b�h�[�j�_�l�Z�l�v 
�^�h�j�h�]�h�k�l�h�y�s�_�_ �h�[�h�j�m�^�h�\�Z�g�b�_�� �B�g�l�_�j�n�_�c�k Google 
Colab �k�o�h�` �k Jupyter Notebook �b �i�j�_�^�k�l�Z�\�e�_�g �g�Z 
�j�b�k�m�g�d�_ 3. 

 
�J�b�k�m�g�h�d 3 �± �B�g�l�_�j�n�_�c�k Google Colab 

Google Colab �b�g�l�_�]�j�b�j�m�_�l�k�y �k TensorFlow, 
Keras, PyTorch �b �^�j�m�]�b�f�b �[�b�[�e�b�h�l�_�d�Z�f�b �^�e�y 
�]�e�m�[�h�d�h�]�h �h�[�m�q�_�g�b�y �b �Z�g�Z�e�b�a�Z �^�Z�g�g�u�o�� �q�l�h �^�_�e�Z�_�l �_�]�h 
�m�^�h�[�g�u�f �b�g�k�l�j�m�f�_�g�l�h�f �^�e�y �j�Z�[�h�l�u �k �r�b�j�h�d�b�f 
�k�i�_�d�l�j�h�f �Z�e�]�h�j�b�l�f�h�\ �b �f�h�^�_�e�_�c�� �I�h�^�^�_�j�`�d�Z 
�i�h�i�m�e�y�j�g�u�o �[�b�[�e�b�h�l�_�d �i�h�a�\�h�e�y�_�l �i�j�_�i�h�^�Z�\�Z�l�_�e�y�f 
�j�Z�a�j�Z�[�h�l�Z�l�v �j�Z�a�g�h�h�[�j�Z�a�g�u�_ �m�q�_�[�g�u�_ �f�Z�l�_�j�b�Z�e�u �b 
�a�Z�^�Z�g�b�y�� �b�k�i�h�e�v�a�m�y �\ Colab �Z�d�l�m�Z�e�v�g�u�_ �l�_�o�g�h�e�h�]�b�b �b 
�i�h�^�o�h�^�u�� 

Google Colab �i�h�^�^�_�j�`�b�\�Z�_�l �b�g�k�l�j�m�f�_�g�l�u 
�^�e�y �k�h�\�f�_�k�l�g�h�c �j�Z�[�h�l�u�� �Z�g�Z�e�h�]�b�q�g�u�_ �l�_�f�� �q�l�h 
�^�h�k�l�m�i�g�u �\ Google Docs. �W�l�h �i�h�f�h�]�Z�_�l �h�[�f�_�g�b�\�Z�l�v�k�y 
�a�Z�f�_�l�d�Z�f�b�� �d�h�f�f�_�g�l�b�j�h�\�Z�l�v �d�h�^�� �\�g�h�k�b�l�v 
�b�k�i�j�Z�\�e�_�g�b�y �b �j�Z�[�h�l�Z�l�v �g�Z�^ �i�j�h�_�d�l�Z�f�b �\ �j�_�`�b�f�_ 
�j�_�Z�e�v�g�h�]�h �\�j�_�f�_�g�b��  

�D�Z�d �b Jupyter Notebook, Google Colab 
�i�h�^�^�_�j�`�b�\�Z�_�l �\�h�a�f�h�`�g�h�k�l�b �\�b�a�m�Z�e�b�a�Z�p�b�b�� �>�Z�g�g�Z�y 
�h�k�h�[�_�g�g�h�k�l�v �h�[�e�_�]�q�Z�_�l �i�h�g�b�f�Z�g�b�_ �l�Z�d�b�o �i�h�g�y�l�b�c�� 
�d�Z�d �h�r�b�[�d�Z �f�h�^�_�e�b�� �]�j�Z�^�b�_�g�l�g�u�c �k�i�m�k�d �b �n�m�g�d�p�b�y 
�i�h�l�_�j�v�� �Z �l�Z�d�`�_ �i�h�f�h�]�Z�_�l �\�b�^�_�l�v�� �d�Z�d �f�h�^�_�e�v 
�m�e�m�q�r�Z�_�l �k�\�h�b �j�_�a�m�e�v�l�Z�l�u �k �d�Z�`�^�h�c �b�l�_�j�Z�p�b�_�c��  

Google Colab �i�j�_�^�h�k�l�Z�\�e�y�_�l �^�h�k�l�m�i �q�_�j�_�a 
�[�j�Z�m�a�_�j �b �g�_ �l�j�_�[�m�_�l �m�k�l�Z�g�h�\�d�b �I�H�� �q�l�h �^�_�e�Z�_�l �_�]�h 
�i�j�h�k�l�u�f �\ �b�k�i�h�e�v�a�h�\�Z�g�b�b �d�Z�d �^�e�y �i�j�_�i�h�^�Z�\�Z�l�_�e�_�c�� 
�l�Z�d �b �^�e�y �k�l�m�^�_�g�l�h�\�� �W�l�h �h�k�h�[�_�g�g�h �\�Z�`�g�h �\ 
�h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c �k�j�_�^�_�� �l�Z�d �d�Z�d �f�g�h�]�b�_ �m�q�_�[�g�u�_ 
�a�Z�\�_�^�_�g�b�y �f�h�]�m�l �g�_ �b�f�_�l�v �^�h�k�l�m�i�Z �d �^�h�j�h�]�h�f�m 

�h�[�h�j�m�^�h�\�Z�g�b�x �b�e�b �k�i�_�p�b�Z�e�b�a�b�j�h�\�Z�g�g�h�f�m 
�i�j�h�]�j�Z�f�f�g�h�f�m �h�[�_�k�i�_�q�_�g�b�x��  

�B�k�i�h�e�v�a�h�\�Z�g�b�_ Jupyter Notebooks �b Google 
Colab �\ �m�q�_�[�g�h�f �i�j�h�p�_�k�k�_ �i�j�_�^�h�k�l�Z�\�e�y�_�l �k�e�_�^�m�x�s�b�_ 
�i�j�_�b�f�m�s�_�k�l�\�Z�� 

1. �K�g�b�`�_�g�b�_ �[�Z�j�v�_�j�h�\ �^�e�y �h�[�m�q�_�g�b�y �B�B�� 
�>�h�k�l�m�i �d �\�u�q�b�k�e�b�l�_�e�v�g�u�f �j�_�k�m�j�k�Z�f �b �[�b�[�e�b�h�l�_�d�Z�f 
�q�_�j�_�a Google Colab �m�i�j�h�s�Z�_�l �h�[�m�q�_�g�b�_ �b �^�_�e�Z�_�l 
�l�_�o�g�h�e�h�]�b�b �B�B �^�h�k�l�m�i�g�u�f�b �^�e�y �r�b�j�h�d�h�c �Z�m�^�b�l�h�j�b�b�� 
�g�_�a�Z�\�b�k�b�f�h �h�l �b�o �f�Z�l�_�j�b�Z�e�v�g�u�o �j�_�k�m�j�k�h�\�� 

2. �=�e�m�[�h�d�h�_ �i�h�g�b�f�Z�g�b�_ �i�j�h�p�_�k�k�Z �j�Z�a�j�Z�[�h�l�d�b 
�f�h�^�_�e�_�c�� Jupyter Notebooks �b Google Colab �^�Z�x�l 
�\�h�a�f�h�`�g�h�k�l�v �i�h�r�Z�]�h�\�h �h�l�k�e�_�`�b�\�Z�l�v �i�j�h�p�_�k�k 
�j�Z�a�j�Z�[�h�l�d�b �b �h�[�m�q�_�g�b�y �f�h�^�_�e�b�� �Z�g�Z�e�b�a�b�j�h�\�Z�l�v 
�i�j�h�f�_�`�m�l�h�q�g�u�_ �j�_�a�m�e�v�l�Z�l�u �b �h�i�l�b�f�b�a�b�j�h�\�Z�l�v 
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�Z�e�]�h�j�b�l�f�h�\�� 

3. �N�h�j�f�b�j�h�\�Z�g�b�_ �g�Z�\�u�d�h�\ 
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�j�_�k�m�j�k�Z�f �k�l�m�^�_�g�l�u �f�h�]�m�l �j�Z�[�h�l�Z�l�v �k �f�h�^�_�e�y�f�b �b 
�^�Z�g�g�u�f�b�� �d�h�l�h�j�u�_ �h�l�j�Z�`�Z�x�l �j�_�Z�e�v�g�u�_ �a�Z�^�Z�q�b �b 
�k�e�h�`�g�h�k�l�v �k�h�\�j�_�f�_�g�g�u�o �i�j�b�e�h�`�_�g�b�c �B�B�� �W�l�h 
�i�h�f�h�]�Z�_�l �b�f �j�Z�a�\�b�l�v �g�Z�\�u�d�b�� �i�j�b�f�_�g�b�f�u�_ �g�Z 
�i�j�Z�d�l�b�d�_ �b �\�h�k�l�j�_�[�h�\�Z�g�g�u�_ �g�Z �j�u�g�d�_ �l�j�m�^�Z�� 

�I�e�Z�l�n�h�j�f�u AutoML: �:�\�l�h�f�Z�l�b�a�Z�p�b�y 
�i�j�h�p�_�k�k�Z �k�h�a�^�Z�g�b�y �g�_�c�j�h�k�_�l�_�c 

�I�e�Z�l�n�h�j�f�u AutoML (Automated Machine 
Learning) �i�j�_�^�k�l�Z�\�e�y�x�l �k�h�[�h�c �b�g�k�l�j�m�f�_�g�l�u�� 
�g�Z�i�j�Z�\�e�_�g�g�u�_ �g�Z �Z�\�l�h�f�Z�l�b�a�Z�p�b�x �i�j�h�p�_�k�k�Z 
�i�j�h�_�d�l�b�j�h�\�Z�g�b�y�� �g�Z�k�l�j�h�c�d�b �b �h�[�m�q�_�g�b�y �f�h�^�_�e�_�c 
�f�Z�r�b�g�g�h�]�h �b �]�e�m�[�h�d�h�]�h �h�[�m�q�_�g�b�y�� �H�g�b �i�h�a�\�h�e�y�x�l 
�k�m�s�_�k�l�\�_�g�g�h �k�h�d�j�Z�l�b�l�v �\�j�_�f�y �b �m�k�b�e�b�y�� 
�a�Z�l�j�Z�q�b�\�Z�_�f�u�_ �g�Z �j�Z�a�j�Z�[�h�l�d�m�� �^�_�e�Z�y �l�_�o�g�h�e�h�]�b�x 
�^�h�k�l�m�i�g�h�c �^�e�y �r�b�j�h�d�h�c �Z�m�^�b�l�h�j�b�b�� �\�d�e�x�q�Z�y 
�k�i�_�p�b�Z�e�b�k�l�h�\ �k �[�Z�a�h�\�u�f�b �a�g�Z�g�b�y�f�b �\ �h�[�e�Z�k�l�b 
�f�Z�r�b�g�g�h�]�h �h�[�m�q�_�g�b�y�� �k�l�m�^�_�g�l�h�\ �b �b�k�k�e�_�^�h�\�Z�l�_�e�_�c��  

�H�^�g�b�f �b�a �h�k�g�h�\�g�u�o �w�e�_�f�_�g�l�h�\ AutoML 
�y�\�e�y�_�l�k�y �Z�\�l�h�f�Z�l�b�q�_�k�d�b�c �i�h�b�k�d �Z�j�o�b�l�_�d�l�m�j�u (NAS), 
�d�h�l�h�j�u�c �\�d�e�x�q�Z�_�l �Z�e�]�h�j�b�l�f�u �^�e�y �\�u�[�h�j�Z �g�Z�b�e�m�q�r�_�c 
�d�h�g�n�b�]�m�j�Z�p�b�b �k�_�l�b �\ �a�Z�\�b�k�b�f�h�k�l�b �h�l �a�Z�^�Z�q�b�� �I�j�h�p�_�k�k 
NAS �k�\�h�^�b�l �d �f�b�g�b�f�m�f�m �g�_�h�[�o�h�^�b�f�h�k�l�v �j�m�q�g�h�c 
�g�Z�k�l�j�h�c�d�b �Z�j�o�b�l�_�d�l�m�j�u �g�_�c�j�h�k�_�l�_�c�� �q�l�h �h�k�h�[�_�g�g�h 
�\�Z�`�g�h �^�e�y �k�e�h�`�g�u�o �f �h�^�_�e�_�c�� �l�Z�d�b�o �d�Z�d �k�\�_�j�l�h�q�g�u�_ 
�g�_�c�j�h�g�g�u�_ �k�_�l�b (CNN) �b �j�_�d�m�j�j�_�g�l�g�u�_ �k�_�l�b (RNN). 
�I�e�Z�l�n�h�j�f�u AutoML �k�i�h�k�h�[�g�u �Z�\�l�h�f�Z�l�b�q�_�k�d�b 
�]�_�g�_�j�b�j�h�\�Z�l�v �b �l�_�k�l�b�j�h�\�Z�l�v �Z�j�o�b�l�_�d�l�m�j�u�� �\�u�y�\�e�y�y 
�e�m�q�r�b�_ �\�Z�j�b�Z�g�l�u��  

�I�j�h�p�_�k�k �h�[�m�q�_�g�b�y �g�_�c�j�h�k�_�l�_�c �l�j�_�[�m�_�l 
�l�h�q�g�h�c �g�Z�k�l�j�h�c�d�b �]�b�i�_�j�i�Z�j�Z�f�_�l�j�h�\�� �l�Z�d�b�o �d�Z�d 
�k�d�h�j�h�k�l�v �h�[�m�q�_�g�b�y�� �j�Z�a�f�_�j �i�Z�d�_�l�Z�� �d�h�e�b�q�_�k�l�\�h �k�e�h�_�\ 
�b �g�_�c�j�h�g�h�\ �b �l�� �^��  

AutoML �i�e�Z�l�n�h�j�f�u �i�j�_�^�h�k�l�Z�\�e�y�x�l 
�b�g�k�l�j�m�f�_�g�l�u �^�e�y �Z�\�l�h�f�Z�l�b�a�b�j�h�\�Z�g�g�h�c 
�i�j�_�^�h�[�j�Z�[�h�l�d�b �^�Z�g�g�u�o�� �\�d�e�x�q�Z�y �h�q�b�k�l�d�m�� 
�g�h�j�f�Z�e�b�a�Z�p�b�x�� �d�h�^�b�j�h�\�Z�g�b�_ �d�Z�l�_�]�h�j�b�Z�e�v�g�u�o �^�Z�g�g�u�o 
�b �a�Z�i�h�e�g�_�g�b�_ �i�j�h�i�m�s�_�g�g�u�o �a�g�Z�q�_�g�b�c�� �H�g�b �q�Z�k�l�h 
�b�g�l�_�]�j�b�j�m�x�l�k�y �k �h�[�e�Z�q�g�u�f�b �k�_�j�\�b�k�Z�f�b�� �q�l�h 
�i�h�a�\�h�e�y�_�l �b�k�i�h�e�v�a�h�\�Z�l�v �j�Z�k�i�j�_�^�_�e�_�g�g�u�_ 
�\�u�q�b�k�e�b�l�_�e�v�g�u�_ �f�h�s�g�h�k�l�b �b �m�k�d�h�j�y�_�l �i�j�h�p�_�k�k 
�h�[�m�q�_�g�b�y �b �l�_�k�l�b�j�h�\�Z�g�b�y �f�h�^�_�e�_�c�� �>�e�y 
�h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o �m�q�j�_�`�^�_�g�b�c �w�l�h �h�l�d�j�u�\�Z�_�l �^�h�k�l�m�i �d 
�f�h�s�g�u�f �j�_�k�m�j�k�Z�f�� �^�_�e�Z�y �\�h�a�f�h�`�g�u�f �h�[�m�q�_�g�b�_ �g�Z 
�[�h�e�_�_ �k�e�h�`�g�u�o �b �j�_�k�m�j�k�h�a�Z�l�j�Z�l�g�u�o �f�h�^�_�e�y�o�� �g�_ 
�l�j�_�[�m�y �^�h�j�h�]�h�k�l�h�y�s�_�]�h �h�[�h�j�m�^�h�\�Z�g�b�y��  

�I�j�_�b�f�m�s�_�k�l�\�Z �b�k�i�h�e�v�a�h�\�Z�g�b�y AutoML 
�\�d�e�x�q�Z�x�l �k�e�_�^�m�x�s�b�_ �Z�k�i�_�d�l�u�� 

1. �K�g�b�`�_�g�b�_ �i�h�j�h�]�Z �\�o�h�^�Z �\ �g�_�c�j�h�k�_�l�_�\�u�_ 
�l�_�o�g�h�e�h�]�b�b�� �:�\�l�h�f�Z�l�b�a�Z�p�b�y �k�e�h�`�g�u�o �i�j�h�p�_�k�k�h�\�� 
�l�Z�d�b�o �d�Z�d �g�Z�k�l�j�h�c�d�Z �]�b�i�_�j�i�Z�j�Z�f�_�l�j�h�\ �b �\�u�[�h�j 
�Z�j�o�b�l�_�d�l�m�j�u�� �h�[�e�_�]�q�Z�_�l �h�k�\�h�_�g�b�_ �g�_�c�j�h�k�_�l�_�c �^�e�y 
�k�l�m�^�_�g�l�h�\ �k �[�Z�a�h�\�u�f�b �a�g�Z�g�b�y�f�b �\ �w�l�h�c �h�[�e�Z�k�l�b�� 
�H�[�m�q�Z�x�s�b�_�k�y �f�h�]�m�l �[�u�k�l�j�_�_ �i�_�j�_�o�h�^�b�l�v �d �j�_�r�_�g�b�x 
�j�_�Z�e�v�g�u�o �a�Z�^�Z�q �b �n�h�d�m�k�b�j�h�\�Z�l�v�k�y �g�Z �b�a�m�q�_�g�b�b 
�d�h�g�p�_�i�p�b�c �b �i�j�b�f�_�g�_�g�b�b �a�g�Z�g�b�c�� 

2. �J�Z�a�\�b�l�b�_ �g�Z�\�u�d�h�\ �Z�g�Z�e�b�a�Z �b 
�b�g�l�_�j�i�j�_�l�Z�p�b�b �f�h�^�_�e�_�c�� �;�e�Z�]�h�^�Z�j�y �\�k�l�j�h�_�g�g�u�f 
�b�g�k�l�j�m�f�_�g�l�Z�f �\�b�a�m�Z�e�b�a�Z�p�b�b �b �h�p�_�g�d�b �d�Z�q�_�k�l�\�Z 
�f�h�^�_�e�_�c�� �k�l�m�^�_�g�l�u �i�h�e�m�q�Z�x�l �\�h�a�f�h�`�g�h�k�l�v 
�b�k�k�e�_�^�h�\�Z�l�v �f�h�^�_�e�b �b �i�h�g�b�f�Z�l�v �b�o �i�h�\�_�^�_�g�b�_�� �q�l�h 
�j�Z�a�\�b�\�Z�_�l �g�Z�\�u�d�b �d�j�b�l�b�q�_�k�d�h�]�h �f�u�r�e�_�g�b�y �b �Z�g�Z�e�b�a�Z 
�^�Z�g�g�u�o�� 

3. �M�k�d�h�j�_�g�b�_ �i�j�h�p�_�k�k�Z �i�j�h�l�h�l�b�i�b�j�h�\�Z�g�b�y �b 
�j�Z�a�j�Z�[�h�l�d�b�� �I�e�Z�l�n�h�j�f�u AutoML �i�h�a�\�h�e�y�x�l 
�a�g�Z�q�b�l�_�e�v�g�h �k�h�d�j�Z�l�b�l�v �\�j�_�f�y �g�Z �j�Z�a�j�Z�[�h�l�d�m �f�h�^�_�e�_�c�� 
�q�l�h �y�\�e�y�_�l�k�y �\�Z�`�g�u�f �i�j�_�b�f�m�s�_�k�l�\�h�f �d�Z�d �\ �m�q�_�[�g�h�c�� 
�l�Z�d �b �\ �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�c �^�_�y�l�_�e�v�g�h�k�l�b�� �K�l�m�^�_�g�l�u 
�f�h�]�m�l �k�h�k�j�_�^�h�l�h�q�b�l�v�k�y �g�Z �Z�g�Z�e�b�a�_ �^�Z�g�g�u�o�� 
�i�j�h�\�_�^�_�g�b�b �w�d�k�i�_�j�b�f�_�g�l�h�\ �b �b�g�l�_�j�i�j�_�l�Z�p�b�b 
�j�_�a�m�e�v�l�Z�l�h�\�� �Z �g�_ �g�Z �l�_�o�g�b�q�_�k�d�b�o �^�_�l�Z�e�y�o �j�Z�a�j�Z�[�h�l�d�b�� 

Kaggle: �I�j�Z�d�l�b�d�Z �j�_�r�_�g�b�y �j�_�Z�e�v�g�u�o �a�Z�^�Z�q 
�I�e�Z�l�n�h�j�f�Z Kaggle �y�\�e�y�_�l�k�y �h�[�j�Z�a�h�\�Z�l�_�e�v�g�h�c 

�b �b�k�k�e�_�^�h�\�Z�l�_�e�v�k�d�h�c �i�e�h�s�Z�^�d�h�c�� �d�h�l�h�j�Z�y 
�i�j�_�^�h�k�l�Z�\�e�y�_�l �\�h�a�f�h�`�g�h�k�l�b � �̂e�y �i�j�Z�d�l�b�q�_�k�d�h�]�h 
�i�j�b�f�_�g�_�g�b�y �a�g�Z�g�b�c �\ �h�[�e�Z�k�l�b �f�Z�r�b�g�g�h�]�h �h�[�m�q�_�g�b�y �b 
�Z�g�Z�e�b�a�Z �^�Z�g�g�u�o�� �G�Z Kaggle �k�l�m�^�_�g�l�u�� �b�k�k�e�_�^�h�\�Z�l�_�e�b 
�b �k�i�_�p�b�Z�e�b�k�l�u �f�h�]�m�l �m�q�Z�k�l�\�h�\�Z�l�v �\ �k�h�j�_�\�g�h�\�Z�g�b�y�o�� 
�j�_�r�Z�l�v �a�Z�^�Z�q�b�� �b�a�m�q�Z�l�v �i�h�^�o�h�^�u �d �h�[�j�Z�[�h�l�d�_ �^�Z�g�g�u�o 
�b �h�[�m�q�_�g�b�x �f�h�^�_�e�_�c�� �Z �l�Z�d�`�_ �^�_�e�b�l�v�k�y �h�i�u�l�h�f �b 
�i�h�^�o�h�^�Z�f�b�� �;�e�Z�]�h�^�Z�j�y �^�h�k�l�m�i�m �d �]�h�l�h�\�u�f �g�Z�[�h�j�Z�f 
�^�Z�g�g�u�o �b �b�g�l�_�j�Z�d�l�b�\�g�h�f�m �k�h�h�[�s�_�k�l�\�m�� Kaggle 
�k�l�Z�g�h�\�b�l�k�y �a�g�Z�q�b�f�u�f �b�g�k�l�j�m�f�_�g�l�h�f �^�e�y �j�Z�a�\�b�l�b�y 
�i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�o �g�Z�\�u�d�h�\�� �d�h�l�h�j�u�_ �\�h�k�l�j�_�[�h�\�Z�g�u 
�g�Z �i�j�Z�d�l�b�d�_�� 

�H�^�g�b�f �b�a �p�_�g�l�j�Z�e�v�g�u�o �i�j�_�b�f�m�s�_�k�l�\ Kaggle 
�y�\�e�y�_�l�k�y �\�h�a�f�h�`�g�h�k�l�v �j�Z�[�h�l�Z�l�v �k �j�_�Z�e�v�g�u�f�b 
�g�Z�[�h�j�Z�f�b �^�Z�g�g�u�o�� �d�h�l�h�j�u�_ �i�j�_�^�k�l�Z�\�e�y�x�l �r�b�j�h�d�b�c 
�k�i�_�d�l�j �i�j�b�d�e�Z�^�g�u�o �a�Z�^�Z�q �± �h�l �d�e�Z�k�k�b�n�b�d�Z�p�b�b 
�b�a�h�[�j�Z�`�_�g�b�c �^�h �Z�g�Z�e�b�a�Z �l�_�d�k�l�h�\ �b �\�j�_�f�_�g�g�u�o �j�y�^�h�\�� 
�W�l�h �i�h�a�\�h�e�y�_�l �k�l�m�^�_�g�l�Z�f �i�h�]�j�m�`�Z�l�v�k�y �\ �i�j�h�[�e�_�f�u�� �k 
�d�h�l�h�j�u�f�b �k�l�Z�e�d�b�\�Z�x�l�k�y �j�Z�a�e�b�q�g�u�_ �b�g�^�m�k�l�j�b�b �b 
�i�j�b�f�_�g�y�l�v �l�_�h�j�_�l�b�q�_�k�d�b�_ �a�g�Z�g�b�y �^�e�y �j�_�r�_�g�b�y 
�i�j�Z�d�l�b�q�_�k�d�b�o �a�Z�^�Z�q��  

�G�Z Kaggle �i�j�_�^�k�l�Z�\�e�_�g�Z �[�h�e�v�r�Z�y �[�b�[�e�b�h�l�_�d�Z 
�]�h�l�h�\�u�o �j�_�r�_�g�b�c�� �k�d�j�b�i�l�h�\ �b �a�Z�f�_�l�h�d�� �d�h�l�h�j�u�_ 
�f�h�`�g�h �b�a�m�q�Z�l�v�� �b�k�i�h�e�v�a�h�\�Z�l�v �b �f�h�^�b�n�b�p�b�j�h�\�Z�l�v�� �W�l�h 
�i�h�a�\�h�e�y�_�l �b�a�m�q�Z�l�v �j�Z�a�e�b�q�g�u�_ �i�h�^�o�h�^�u �d �j�_�r�_�g�b�x 
�a�Z�^�Z�q �b �[�u�k�l�j�h �Z�^�Z�i�l�b�j�h�\�Z�l�v �b�^�_�b �^�e�y �k�\�h�b�o 
�i�j�h�_�d�l�h�\�� Kaggle �y�\�e�y�_�l�k�y �h�^�g�h�c �b�a �d�j�m�i�g�_�c�r�b�o �\ 
�f�b�j�_ �i�e�Z�l�n�h�j�f �^�e�y �k�i�_�p�b�Z�e�b�k�l�h�\ �i�h �Z�g�Z�e�b�a�m �^�Z�g�g�u�o 
�b �f�Z�r�b�g�g�h�f�m �h�[�m�q�_�g�b�x�� �K�h�h�[�s�_�k�l�\�h Kaggle 
�i�h�^�^�_�j�`�b�\�Z�_�l �Z�d�l�b�\�g�h�_ �h�[�k�m�`�^�_�g�b�_�� �h�[�f�_�g 
�a�g�Z�g�b�y�f�b �b �j�_�r�_�g�b�_ �\�h�i�j�h�k�h�\�� �k�\�y�a�Z�g�g�u�o �k �j�Z�[�h�l�h�c 
�g�Z�^ �i�j�h�_�d�l�Z�f�b��  

Kaggle �i�j�_�^�h�k�l�Z�\�e�y�_�l �k�\�h�b�f �i�h�e�v�a�h�\�Z�l�_�e�y�f 
�[�_�k�i�e�Z�l�g�u�c �^�h�k�l�m�i �d �f�h�s�g�u�f �h�[�e�Z�q�g�u�f �j�_�k�m�j�k�Z�f�� 
�\�d�e�x�q�Z�y �]�j�Z�n�b�q�_�k�d�b�_ �i�j�h�p�_�k�k�h�j�u (GPU), �q�l�h �^�_�e�Z�_�l 
�i�e�Z�l�n�h�j�f�m �^�h�k�l�m�i�g�h�c �^�e�y �r�b�j�h�d�h�]�h �d�j�m�]�Z �k�l�m�^�_�g�l�h�\ 
�b �b�k�k�e�_�^�h�\�Z�l�_�e�_�c��  

�B�k�i�h�e�v�a�h�\�Z�g�b�_ Kaggle �\ �h�[�j�Z�a�h�\�Z�l�_�e�v�g�u�o 
�p�_�e�y�o �h�[�e�Z�^�Z�_�l �j�y�^�h�f  �\�Z�`�g�u�o �i�j�_�b�f�m�s�_�k�l�\�� �d�h�l�h�j�u�_ 
�^�_�e�Z�x�l �h�[�m�q�_�g�b�_ �[�h�e�_�_ �i�j�Z�d�l�b�d�h-�h�j�b�_�g�l�b�j�h�\�Z�g�g�u�f 
�b �Z�d�l�m�Z�e�v�g�u�f�� 

1. �I�h�^�]�h�l�h�\�d�Z �d �j�_�r�_�g�b�x �j�_�Z�e�v�g�u�o �a�Z�^�Z�q �b 
�h�k�\�h�_�g�b�_ �d�e�x�q�_�\�u�o �i�j�h�n�_�k�k�b�h�g�Z�e�v�g�u�o �g�Z�\�u�d�h�\�� 
�J�Z�[�h�l�Z �k Kaggle �i�h�a�\�h�e�y�_�l �k�l�m�^�_�g�l�Z�f �j�Z�a�\�b�\�Z�l�v 
�d�j�b�l�b�q�_�k�d�b �\�Z�`�g�u�_ �g�Z�\�u�d�b �²  �h�l �Z�g�Z�e�b�a�Z �b 
�h�[�j�Z�[�h�l�d�b �^�Z�g�g�u�o �^�h �h�[�m�q�_�g�b�y �f�h�^�_�e�_�c �b 
�h�i�l�b�f�b�a�Z�p�b�b �]�b�i�_�j�i�Z�j�Z�f�_�l�j�h�\��  

2. �J�Z�a�\�b�l�b�_ �g�Z�\�u�d�h�\ �Z�g�Z�e�b�a�Z �b �k�j�Z�\�g�_�g�b�y 
�f�h�^�_�e�_�c�� �J�Z�[�h�l�Z �k �j�_�Z�e�v�g�u�f�b �^�Z�g�g�u�f�b �m�q�b�l 
�k�l�m�^�_�g�l�h�\ �h�p�_�g�b�\�Z�l�v �w�n�n�_�d�l�b�\�g�h�k�l�v �f�h�^�_�e�_�c�� �b�k�d�Z�l�v 
�i�m�l�b �b�o �m�e�m�q�r�_�g�b�y �b �k�j�Z�\�g�b�\�Z�l�v �k�h�[�k�l�\�_�g�g�u�_ 
�j�_�a�m�e�v�l�Z�l�u �k �j�_�a�m�e�v�l�Z�l�Z�f�b �^�j�m�]�b�o �m�q�Z�k�l�g�b�d�h�\�� �q�l�h 


























































































































































































